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ABSTRACT 
 Objectives: This dissertation was divided into two studies. The aim of the first 
study was to investigate whether there is an association between diet quality of preschool 
children and their caregivers. The aim of the second study was to examine the 
relationship of children diet quality and dental caries risk. 
Methods: The study utilized a longitudinal population-based data of a 
representative sample of low-income African American families in Detroit, Michigan. 
Analyses were limited to 522 children aged 3-5 years old and their primary caregivers.  
For caregivers, dietary histories were obtained at wave I using the Block 98.2 food 
frequency questionnaire. For children, dietary histories were obtained at wave I and wave 
II using the Block Kids Food Questionnaire. Healthy Eating Index-2005 was used to 
evaluate overall diet quality. Dental caries in primary teeth were measured by the ICDAS 
criteria.  The mean number of decayed surfaces (noncavitated and cavitated), missing, 
and filled surfaces for each child was estimated. Statistical analyses were conducted 
using SAS 9.4 and STATA 14 to account for the complex sampling design. 
  vi 
Results: The first study found that the mean total HEI-2005 scores were 57.47 for 
caregivers at wave I, 56.04 for children at wave I, and 57.39 for children at wave II 
indicating that the diet quality of this population needs improvement. Significant, positive 
relationship was found between caregivers-child overall diet quality at wave I (β=0.35; p 
<0.0001) and wave II (β=0.31; p <0.0001). The second study found that children who had 
high diet quality or improved their diet quality throughout the study period had 
significantly lower dental caries incidence compared to those with low diet quality scores 
(IRR = 0.59  and 0.55, respectively) (CI = 0.36-0.96 and 0.35-0.86 , respectively). 
Conclusion: Our findings suggest that caregiver’s and children’s diet quality are 
associated. Therefore, caregiver’s diet quality should be considered in efforts to improve 
diets of their children. Additionally, preschooler children in our study with improved diet 
quality showed lower caries incidence. These results suggest that strategies and 
intervention to prevent dental caries among children should focus on improving overall 
diet quality.  
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CHAPTER I: INTRODUCTION  
 
Dental caries is a national concern that affect approximately one-quarter of  the United 
States children (Dye, Bruce A 2015). It is five times more common than asthma and 
seven times more common than hay fever (US Department of Health and Human 
Services 2014). Early childhood caries (ECC) is defined by American Academy of 
Pediatric dentistry as “The presence of 1 or more decayed (noncavitated or cavitated 
lesions), missing (due to caries), or filled tooth surfaces in any primary tooth in a child 71 
months of age or younger” (American Academy of Pediatric Dentistry 2011). 
If untreated, dental caries can progress to infections and pain and ultimately affect 
a child’s quality of life (Low. 1999). Children who experience ECC have problems with 
speaking, eating, socializing, poor physical growth and development and deterioration in 
school performance (Mattila,M.L. 2000; Holt,K. 2005; Talekar, Bhavna S 2005;  
Muirhead, Vanessa E 2006;  Pahel, Bhavna Talekar 2007; Blumenshine, Stephanie L 
2008; US Department of Health and Human Services 2014). Furthermore, children 
afflicted with ECC continue to be at high risk for new caries as they get older, both in the 
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primary and permanent dentitions and may also suffer from future orthodontic 
malocclusions (Johnsen, David C 1986; Al-Shalan, TA 1997; Peretz, Benjamin 2003). 
Dental caries is a multifactorial disease that has a wide spectrum of potential risk 
factors. In a systematic review, Harris et al. identified 106 factors significantly related to 
the prevalence or incidence of ECC in children under age six which included socio-
demographic characteristics, oral microflora, oral hygiene and dietary habits (Harris, 
Rebecca 2004). 
The role of diet as a cause of dental caries has been extensively reported. A high 
daily consumption of sugars has been correlated with a high dental caries experience in 
preschool and school age children (Sundin, Birgitta 1992). The risk of developing dental 
caries increases when  sugars are consumed at a high frequency and are in a form that is 
retained in the oral cavity for prolonged periods (Tinanoff, Norman 2000). A longitudinal 
study of low-income African American children found that children who consumed a 
higher amount of soft drinks relative to milk or 100% fruit juice were at a higher risk of 
dental caries (Lim, Sungwoo 2008). Thitasomakul and colleagues conducted a 
longitudinal study in Thailand on 9 to 18 months old infants and concluded that the risk 
of developing dental caries increased among those children who had sweet tasting foods 
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and started snacking at 5 months of age, had sugary snacks and soft drinks, and did not 
have their teeth brushed daily at 9 months of age (Thitasomakul,S. 2009).  
Several studies that focus on the relationship between diet and risk of dental 
caries have focused primarily on the associations of specific food items like sugary food, 
sweetened sugary beverage and dairy products with dental caries, without investigating 
the association between overall diet quality and the risk of developing dental caries. 
However, there are many limitations to studying single nutrients in relation to disease, 
given the complex combinations of food and interactions among different nutrients in the 
daily diet. Furthermore, excessive intake of some nutrients or food is associated with 
certain dietary pattern (Quirk, Shae E 2013). For, example, many studies have shown that 
individuals with poor overall diet quality consume frequent and higher amount of 
cariogenic food compared to those with healthier overall diet quality which might 
increase their risk for developing dental caries (LaRowe, T. L 2007). Therefore, targeting 
improving the overall diet quality would result in lowering cariogenic food consumption 
and consequently in lower dental caries risk. 
Over the last 10 years, studies examining the relationship between diet and health 
have increasingly witnessed a shift in focus from single nutrients or food to overall diet 
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quality. Poor overall diet quality has been associated with greater risk of death, obesity, 
arthritis, depression and cancer (Drewnowski, Adam 2009; Guo, X 2004; Kant, Ashima 
K 1996; Kuczmarski, Marie Fanelli 2010).  
Research exploring the association between diet quality and early childhood 
caries is extremely limited. One study used nationally representative data from the Third 
National Health and Nutrition Examination Survey (NHANES III) to examine the 
association between diet quality, as measured by the Healthy Eating Index-2005 (HEI-
2005), and the prevalence of ECC in 2- to 5-year-old children. A total of 3912 child were 
included in the analysis. The models were adjusted for age, race/ethnicity, education of 
reference person, poverty income ratio, recent dental visit and eating breakfast every day. 
Children with the best dietary practices (uppermost tertile of the HEI-2005) found to be 
44% less likely to display severe ECC compared with children with the worst practices 
(lowest tertile of the HEI-2005) (Nunn,M.E. 2009). 
 Kolker et al. used factor analysis technique to determine the patterns of solid 
food consumption among sample of 436 low-income African American preschooler 
children. The Block Kids Food Questionnaire (FFQ) was used to determine child usual 
dietary intake. Multinomial regression models found that soda consumption and 
powdered/sport drink consumption were positively associated with high caries 
experience, while, milk and real juice (not orange) were associated with lower caries 
experience (Kolker, Justine L 2007). 
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More recently, Zaki et al. examined the association between dietary quality, as 
measured by the Healthy Eating Index-2005 (HEI-2005) to ECC. A total of 60 children 
aged 2 to 6 years old were included in the study.  The 24-h diet recall method were used 
to determine the child dietary intake during the previous day. The mean total HEI-2005, 
Whole fruit, Milk and Sodium scores were significantly higher among the caries-free 
children compared to those who had ECC or S-ECC (Zaki, Nadine AA 2015).  
All of these studies have been cross-sectional. None have examined the 
longitudinal association between child diet quality and dental caries incidence. 
Additionally, no previous study has examined the influence of diet quality change over 
time on the child dental caries risk. Result from such study might contribute to the 
development of appropriate dietary guidance that focus in improving overall diet quality 
in order to promote better oral health. 
Purpose of the Study 
The overall purpose of this dissertation is two-fold: 1) to describe diet quality (as 
measured by the Healthy Eating Index, 2005) of low-income African-American 
caregivers and their children and to investigate whether there is an association between 
their diet quality. 2) To examine the relationship of preschool children diet quality and 
dental caries risk.  
To address these aims, we used longitudinal data from prospective cohort 
epidemiological study carried out by the Detroit Center for Research on Oral Health 
Disparities, in Detroit, Michigan. This project targets African American children, initially 
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under the age of 6 years, living in Detroit households with income below 250% of the 
2000 poverty level.  
 
CHAPTER II: LITERATURE REVIEW 
A. Diet quality 
The first aim of this dissertation was to describe diet quality as measured by Healthy 
Eating Index 2005 of low-income African American caregivers and their children and to 
investigate whether there is an association between their diet quality. 
A.1: Measures of diet quality 
Many different indices have been developed to assess an individual’s diet quality (US 
Department of Health and Human Services 2007). Each index is different in term of 
components, values used for standards, and scoring criteria (Frazao, Elizabeth 1999). 
Examples of available indices include the Diet Quality Index (DQI) (Haines, Pamela S 
1999), the Diet Diversity Score (Kant, Ashima K 1995), Elderly Dietary Index (EDI) 
(Kourlaba, Georgia 2009), and the Healthy Eating Index (HEI) (T KENNEDY, EILEEN 
1995). 
The Healthy eating index (HEI) is one of most commonly validated indices in the 
literature. It was developed by The U.S. Department of Agriculture to measure the 
adherence of adults and children over 2 years of age to the Dietary Guidelines for 
Americans (DGA), which is the foundation of nutrition policy for the United States 
government and the basis of all federal dietary guidance (T KENNEDY, EILEEN 1995).  
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The original Healthy Eating Index was based on the 1990 Dietary Guidelines for 
Americans and released in 1995 (T KENNEDY, EILEEN 1995). It included 10 
components; five of them assessed the adherence to the five main food groups of the 
original Food Guide Pyramid which are: fruit, vegetables, grains, milk, and meat. The 
other four components assessed aspects of the diet that should be consumed in 
moderation: total fat, saturated fat, cholesterol, and sodium. The last component measures 
the variety in food regardless of food group. The score range for each component is from 
0 to 10; thus, they sum to a maximum total score of 100. Kennedy et al. with consultation 
with nutrition experts have developed scoring system for the Healthy Eating Index.  
According to their scoring criteria, a total score of more than 80 is considered “good,” 
scores of 51-80 indicates diet that “needs improvement” and scores of less than 51 
indicates “poor” diet quality (T KENNEDY, EILEEN 1995). 
In 2005, the HEI was slightly revised to reflect the 2005 edition of the Dietary 
Guidelines for Americans (DGA) (Guenther, Patricia M 2008). The 2005 dietary 
guidelines differed from the previous editions in that it emphasizes on additional aspects 
of diet quality. It suggested consuming a minimum amount of whole grain, limiting the 
consumption of trans-fats, increasing the intake of a larger variety of fruit and vegetables. 
It also introduced the concept of “discretionary” calories. Therefore, the 1995 Healthy 
Eating Index needed to be reviewed and updated.  
The scoring criteria for HEI-2005 were changed from the original HEI. HEI-2005 
scoring is based on density approach; it depends on the quantity of the nutrient 
consumption per every 1000 calories rather than the absolute amount of nutrient intake 
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(Guenther, Patricia M 2008). Additionally, some component has higher contribution 
(weighting) to the total score than the others. Total fruits, whole fruit, total vegetables, 
dark green and orange vegetables and legumes, total grains and whole grains, are each 
given 0 to 5 points.  Milk, meat and beans, oils, saturated fat and sodium, are each given 
0 to 10 points. The last component, which represents calories from solid fat, alcohol, and 
added sugars (SoFAAS), is assigned 0 to 20 points. Similar to the original HEI, scores for 
the components are summed to give a total score ranging from 0 to 100, with a higher 
score indicates a healthier overall diet (Guenther, Patricia M 2007). 
Most recently, the USDA Center for Nutrition Policy and Promotion updated the 
HEI-2005 to correspond with the most recent edition of Dietary Guidelines for 
Americans which was released in 2010 (Guenther, Patricia M 2013). Similar to the HEI-
2005, the newer version comprises 12 components that characterize the diet quality. 
Several alterations have been made to the previous index include: Greens and Beans 
substitutes Dark Green and Orange Vegetables and Legumes;  Seafood and Plant Proteins 
was included to capture the intake of particular protein types; Fatty Acids substitutes Oils 
and Saturated Fat; and a Refined Grains was added as a moderation component to 
substitute Total Grains which was one of the adequacy components in previous version 
(Guenther, Patricia M 2013).   
Data for our sample was collected between 2002-2005. Therefore, in our analysis, we 
chose to use the 2005 version of HEI as diet quality measure for African American 
primary caregivers and their children which is more contemporaneous with the data 
analyzed in this study compared to the 2010 version. 
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A.2: Diet quality of US Children 
Several national surveys have shown that the diet quality of US children from all income 
levels needs to be improved (Butte, Nancy F 2010; Reedy, Jill 2010; Fungwe, Thomas 
2009; Center for Nutrition Policy and Promotion). One study used a national random 
sample of US children from birth through age 47 months to assess their usual nutrient 
intakes. This study found that 76% of children consumed higher than the suggested DGA 
for saturated fat, 78% consumed higher the recommended limit by the Institute of 
Medicine’s for sodium, and the mean usual consumption of potassium was 1,853±13.1 
mg – nearly half the sufficient intake of 3,000 mg (Butte, Nancy F 2010).  
Another study used NHANES data to determine the most common sources of 
energy from food among US children (Reedy, Jill 2010). They found that the most 
common sources of energy for two to three year olds children were whole milk (104±8.2 
kcal/d), fruit juice (93±9.4 kcal/d), reduced-fat milk (91±10.7 kcal/d), pasta (86±9.4 
kcal/d), and grain desserts (68±6.6 kcal/d). Among four to eight year olds children, the 
most common sources of energy were grain desserts (136±10.8 kcal/d), yeast breads 
(98±5.1 kcal/d), pasta (97±11.4 kcal/d), reduced-fat milk (95±7.2 kcal/d), and pizza 
(95±12.3 kcal/d). Another important finding from this study is that nearly 40% of the 
overall energy in children diets was mainly the most common sources from added sugars 
and solid fats (Reedy, Jill 2010).  
Two studies have used the Healthy Eating Index as an indicator to report 
preschooler’s diet quality using NHANES data. Fungwe et al. used the 2005 version of 
the HEI to assess the diet quality for US children ages 2 to 17 using data from NHANES 
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2005-2006 (Fungwe, Thomas 2009). This study found that the diet of US children is in 
need of improvement with average total HEI-2005 score of 55.9 out of a possible 100 
points. Children’s diets were the worst in regard to Dark Green and Orange Vegetables 
and Legumes (mean score=0.6 out of 5) and Whole Grains (mean score=0.8 out of 5). 
Additionally, children scores for Saturated Fat, Sodium, and Extra Calories were around 
50% lower than the maximum scores, suggesting that the intake of these specific 
components should be reduced. 
In a more recent study, HEI-2010 scores were estimated for 2,857 of US children 
ages 2-17 years old from NHANES 2011-2012 data (Center for Nutrition Policy and 
Promotion). This data showed similar findings to Fungwe et al study. The estimated 
average total HEI-2010 score was 55.  In order to improve diet quality of US children, 
this data suggests that the consumption of total vegetables, greens and beans and whole 
grains should be increased. On the other hand, children need to decrease their 
consumption of refined grains, sodium, and empty calories. 
A.3: Diet quality of African American 
Although the above findings demonstrate that the diet of US children across racial and 
ethnic groups need to be improved, additional evidence suggests that ethnic minority, 
particularly, African American and those from lower socio-economic backgrounds may 
be at higher risk of consuming a poor diet (Hart, CN 2010).  
To our knowledge, very few studies have used the Healthy Eating Index as an 
indicator to report African American diet quality (Ervin, R Bethene 2011; Kirkpatrick, 
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Sharon I 2012). Ervin et al compared HEI-2005 scores of non-Hispanic blacks to non-
Hispanic whites and Mexican-Americans adults participated in 2003-2004 National 
Health and Nutrition Examination Survey. Although no statistical significance difference 
was found in the total HEI-2005 scores between the three groups, non-Hispanic blacks 
had lower scores than non-Hispanic whites and Mexican-Americans ( 55.0 Vs. 57.3 and 
58.3, respectively).  Non-Hispanic blacks had a lower mean score for total vegetables 
(3.0 ± 0.09) compared to both non-Hispanic whites (3.6 ± 0.06; P<0.0167) and Mexican 
Americans (3.8 ± 0.08; P<0.0167). Compared to non- Hispanic whites, non-Hispanic 
blacks had a significantly lower score for milk (6.0 ± 0.20 vs. 4.0 ± 0.18, respectively; 
P<0.0167) (Ervin, R Bethene 2011).  
Kirkpatrick et al. used data from the National Health and Nutrition Examination 
Survey (NHANES) for 2001-2004 to estimate the proportions of adult and children 
whose usual dietary intakes meet 2005 Dietary Guidelines.(Kirkpatrick, Sharon I 2012) 
In their study, they categorized participants according to race/ ethnicity into non-Hispanic 
White, non-Hispanic Black, and Mexican-American. Smaller proportions of non-
Hispanic Black adults met the minimum recommendations for whole fruits, total 
vegetables, other vegetables, total grains, and milk, as well as the maximum 
recommendations for added sugars compared to both non-Hispanic White and Mexican-
American. For children, smaller proportions of non-Hispanic Black found to be meeting 
the minimum recommendations for whole fruit, orange and other vegetables, total grains, 
and milk, and the maximum recommendations for solid fat compared to the other two 
race/ethnic groups (Kirkpatrick, Sharon I 2012).  
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Considered together, these studies support that African American exhibit lower 
adherence to dietary guidelines compared to other ethnic groups. Therefore, it is 
important for researchers to focus on understanding the specific dietary characteristics of 
African American in order to improve their dietary quality. 
 
A.4: Caregiver-Child Diet Quality Associations 
Understanding the factors that are related to establishing both healthy and unhealthy 
dietary habits could have critical implications for the promotion of more healthy nutrition 
in childhood and possibly lifelong (Birch, Leann L 1998). Parents have been shown to 
play important role in determining children dietary habits (Hart, CN 2010). Several 
studies have demonstrated that children's observations of their caregivers eating behavior 
influence the development of their own preferences and eating behaviors (Young, 
Elizabeth M 2004). Therefore, a caregiver with unhealthy eating behavior might have 
negative influence on their children eating behaviors.  
Many studies have found correlations between diet of caregivers and their 
children (Wang,Y. 2011). Most of these studies have investigated the correlation between 
certain nutrients or foods but only a few studies have attempted to evaluate the 
association in overall diet quality. One study examined parent-child (n=4244 pairs) diet 
quality association using nationally representative data from the USDA’s Continuing 
Survey of Food Intake by Individuals (Beydoun, May A 2009). This study found 
significant but weak correlation between both parents and child diet quality (r = 0.26 
(p<0.01) after adjusting for age of the parents and children, gender of parents and 
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children, child’s BMI and physical activity, parental ethnicity, educational level, 
employment status, poverty income ratio, smoking status, BMI, physical exercise, self-
rated health and number of chronic conditions, geographical region and urbanization 
(Beydoun, May A 2009). 
Laster et al investigated the relationship between overweight or obese mothers 
and preschool-aged child (n=177 pairs) diet quality using HEI-2005 index as a measure 
for diet quality. Child diet total HEI-2005 score was correlated with maternal score (r = 
0.44, p <0.001). However, there were significant discrepancies between the percentages 
of mothers and children who meet the recommendations for certain food groups including 
total fruit (49.7% vs. 13.6%), total vegetables (6% vs. 19%) milk (62.7% vs. 21.5%), and 
meat and beans (33.3% vs. 59.9%), respectively (Laster, Leigh Ellen R 2013).  
In 2015 Vollmer et al. used cross-sectional data to examine the association 
between fathers’ and preschool children’s (n=150 pairs) diet quality scores. Diet quality 
was assessed using a single 24-hour recall and the Healthy Eating Index-2010. Results of 
multiple linear regression analysis showed positive significant association between 
fathers-child total HEI-2010 scores (β=0.39; P<0.0001) after adjusting for father’s race, 
ethnicity, and income level. Their results showed also positive significant association 
between fathers’ and children’s’ diet quality score components except for dairy and total 
protein (Vollmer, Rachel L 2015).  
These three studies, together with the other few studies that have examined 
correlation between mother-child diet using other measures of diet quality (Laster, Leigh 
Ellen R 2013; Beydoun, May A 2009; Vollmer, Rachel L 2015; Oliveria,S.A. 1992;  
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Skinner, Jean D 2002; Raynor, Hollie A 2011), suggest that caregiver and child diet 
quality are moderately correlated with each other. However, more research are needed to 
confirm this correlation especially among ethnic minorities such as African American 
due to their high risk of poor dietary quality (Fisk, Catherine M 2011). African-American  
are  at  higher  risk  for many chronic conditions such as obesity, high cholesterol, and 
hypertension, compared to other groups in part due to their more prevalent  unhealthful  
eating  behaviors (Lucan, Sean C 2012).  Understanding more about the diets of African 
American children and the key factors that affect their diet pattern is critical step to be 
able to establish effective interventions to improve their diet quality. 
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B. Diet quality and Dental Caries 
The second aim of this dissertation was to examine the relationship of preschool children 
diet quality and dental caries risk. 
B.1: Dental Caries  
 Definitions : 
Dental Caries: 
Dental caries is generally defined as a "cavity formation in teeth caused by bacteria that 
attach to teeth and form acids in the presence of sucrose, other sugars, and refined 
starches" (Dictionary). The American Academy of Pediatric Dentistry defines caries as 
"biofilm-mediated acid demineralization of enamel or dentin" (American Academy of 
Pediatric Dentistry 2014). The NIH Consensus Statement, Diagnosis and Management of 
Dental Caries Throughout Life, definition for dental caries is "an infectious, 
communicable disease resulting in destruction of tooth structure by acid-forming bacteria 
found in dental plaque, an intraoral biofilm, in the presence of sugar (National Institutes 
of Health (U.S.) 2001). The infection results in loss of tooth minerals that begins on the 
outer surface of the tooth and can progress through the dentin to the pulp, ultimately 
compromising the vitality of the tooth."  
Early Childhood Caries: 
The definition of ECC as adopted by the American Academy of Pediatric Dentistry 
(AAPD) is “is the presence of 1 or more decayed (noncavitated or cavitated lesions), 
missing (due to caries), or filled tooth surfaces in any primary tooth in a child 71 months 
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of age or younger. In children younger than 3 years of age, any sign of smooth-surface 
caries is indicative of severe early childhood caries (S-ECC). From ages 3 through 5, 1 or 
more cavitated, missing (due to caries), or filled smooth surfaces in primary maxillary 
anterior teeth or a decayed, missing, or filled score of ≥4 (age 3), ≥5 (age 4), or ≥6 (age 5) 
surfaces constitutes S-ECC”. Previously, ECC had several names including "bottle 
caries," "baby-bottle tooth decay" or "nursing caries." These terms highlight the 
importance of dietary factors in dental caries process (American Academy of Pediatric 
Dentistry 2014).  
 Epidemiology : 
Globally, dental caries has been considered as a major oral health problem affecting 
around 60-90% of young children and the majority of the adults around the world ( WHO 
2012). In United States, tooth decay is the most prevalent disease among children; it is 
four times more common than asthma and seven times more common than hay fever 
(Center For Disease Control and Prevention 2005). Recent Data from the National Health 
and Nutrition Examination Survey (NHANES 2011–2012) showed that approximately 
one in every four children aged two to five years had dental caries in their primary teeth 
(Dye, Bruce A 2015). Earlier data from NHANES have showed that 73% of United 
States preschool children with ECC have untreated dental caries (Dye,B.A. 2007). This 
high numbers of children who have untreated dental caries, poses a significant public 
health challenge; taking in consideration the negative effect on the quality of life of 
children suffering from this disease (Tinanoff, Norman 2009). Children who experience 
dental caries have problems with speaking, eating, socializing, poor physical growth and 
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development and deterioration in school performance (Mattila,M.L. 2000; Holt,K. 2005; 
Talekar, Bhavna S 2005; Pahel, Bhavna Talekar 2007; Blumenshine, Stephanie L 2008;  
US Department of Health and Human Services 2014). Furthermore, children afflicted 
with dental caries at young age continue to be at high risk for new caries as they get 
older, both in the primary and permanent dentitions and may also suffer from future 
orthodontic malocclusions (Johnsen, David C 1986;  Al-Shalan, TA 1997; Peretz, 
Benjamin 2003).  
  Children from lower income groups are at higher risk to develop dental caries. In 
this group, around fifty percent of all children and two-thirds of children aged twelve to 
nineteen have had dental caries (Centers for Disease Control and Prevention (CDC) 
2010). This high prevalence reflects the impact of low income on caregivers education, 
oral health literacy and dental services utilization ( Benadof, Dafna 2015).  Edelstein et 
al. found that disparities in oral health access to dental care remained strong from 1996 to 
2004, with 30.8% of poor children attended at least one dental visit in 2004 compared to 
61.8% of high income children. (Edelstein, Burton L 2009).  
Children in some racial and ethnic groups experience high proportions of 
untreated dental cavities. In a recent study, Bruce et al. evaluated racial and ethnic 
disparities in dental caries among US children (Dye, Bruce A 2015). They concluded that 
racial/ ethnic disparity in regard to untreated dental decay exists. The prevalence of 
untreated dental decay was around 20% among non-Hispanic black compared to 10% of 
non-Hispanic white, 19 % of Hispanics and 16% of Non-Hispanic Asian (Dye, Bruce A 
2015). These disparities might be explained to barriers to access dental care, such as 
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ethnic or racial differences between dentists and patients, and difficulty in making and 
keeping appointments and differences of cultural beliefs on oral health (Benadof, Dafna 
2015).   
 Etiology: 
Dental caries is a multifactorial disease that has a wide spectrum of potential risk factors. 
Dental caries develop as a result of the interaction between child’s tooth as a susceptible 
host, an agent such as dental plaque, cariogenic bacteria such as mutans streptococci, and 
environmental factors such as cariogenic saliva, oral hygiene, and diet.  Therefore, dental 
caries regarded as a “dieto-bacterial” disease moderated by several other factors ( 
Fejerskov,O. 2004; Palmer,C.A. 2010; Tanzer,J.M. 2001). Young children are 
characterized by bacterial flora and host defense systems that are still undergo 
development. The surfaces of their newly erupted teeth may display subclinical 
hypoplastic defects. These reasons might make the teeth of young children more 
susceptible to dental caries (Harris, Rebecca 2004). 
The factors which are often considered to most significantly affect the dental 
caries process are past caries experience, fluoride exposure, early acquirement and high 
levels of S.mutans, developmental defects on primary teeth, socioeconomic status, 
frequent consumption of fermentable carbohydrates and improper feeding behaviors 
(Harris, Rebecca 2004; Reisine, Susan 1998).  
Similarly, several behavioral, cultural and social factors play an integral role in 
the dental caries process. In order to explain the multi-factorial characteristic of dental 
caries, Fisher-Owens et al. has created a conceptual model that considered the influence 
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of child, family and community, related factors that might influence the development of 
dental caries (Fisher-Owens,S.A. 2007). The child-related factors include the utilization 
of dental care, dental insurance, as well as the genetic and biological endowment. Family-
related factors include socioeconomic status, culture, parents’ health status, social 
support. Lastly, factors such as features of dental healthcare systems and the oral health 
environment found within a community characterize the community-related factors 
(Fisher-Owens,S.A. 2007).  
The multifactorial nature of this disease indicates that there is no single causal 
factor to target in interventions, thus planning and implementation of effective 
interventions is challenging (Fejerskov,O. 2004). 
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B.2: The relationship between diet and dental caries 
The association between diet and dental caries has been investigated more than 50 years 
ago. The famous “Vipeholm Dental Caries Study” has examined the effect of individual’s 
dietary intake on dental caries process among 436 persons living in the Vipeholm 
(Sweden) Hospital for individuals with mental impairment. This longitudinal study found 
higher caries incidence among subjects with a high dietary sugar intake during and 
between meals (Krasse, Bo 2001). 
In their review about sugar and dental caries, Touger-Decker et al. discussed the 
factors that might determine food cariogenicity. The most significant influencing factors 
they identified included: the frequency of sugar and other fermentable carbohydrates 
intake, the form of food, the retention period, nutrients composition and combinations, 
and the ability to stimulate salivary production (Touger-Decker,R. 2003). 
Enamel demineralization happens when the bacteria on the teeth produce acids as a 
results of carbohydrates utilization  in their glycolytic pathways (Nyvad, Bente 1997). As 
a result, the pH of the dental plaque drop until it reach a point that leads to 
demineralization. Frequent sugar consumption leads to increase demineralization rate 
allowing for less remineralization to occur. Additionally, the cariogenicity of a certain 
nutrient or food is significantly impacted by the period that the pH remains below the 5.5 
point after the consumption of food. The reduction in pH has been shown to be from 20- 
30 minutes to few hours if the dental plaque was few days old (Touger-Decker,R. 2003). 
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The form of the food is another important factor in determining their cariogenicity. 
Sticky foods and those which retain for prolonged periods on the tooth structure have a 
higher cariogenicity potential compared to foods that easily eliminated from the oral 
cavity (Touger-Decker,R. 2003).  In addition to retentiveness properties of the food, 
salivary clearance rate for sugars and cariogenic carbohydrates also makes a significant 
contribution to dental caries process. Salivary flow rate is reduced during sleep which 
result in prolonging the contact time between substrate and plaque which will 
consequently increase the cariogenicity of the substrate significantly (Firestone,A.R. 
1982). 
In contrast to sugar, some nutrients reported to have cariostatic properties, 
indicating that they do not cause  dental caries formation. Examples for this kind of 
nutrients are dairy products such as Milk, cheese and yogurt (Levine, RS 2001;  
Sonmez,I.S. 2007; Ohlund,I. 2007). The suggested cariostatic  mechanisms for dairy 
products include their ability to promoting remineralization by phosphorous and ionizable 
calcium and casein, stimulating salivary production, bacterial adhesion reduction, and/or 
improving buffering capacity for the oral cavity. (Kashket,S. 2002) 
Petti and colleagues have investigated factors associated with early childhood caries 
among sample of 1,500 children ages 3-5 living in Rome, Italy (Petti, Stefano 2000). 
Their definition for early childhood caries was having at least two primary maxillary 
incisors with dental caries. The results of this study indicated that yogurt consumption 
was found to be  protective from  early childhood caries (OR 0.1,95%CI 0.02,0.7). 
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In their study, Ohlund et al. studied the associations of dental caries, cariogenic 
bacteria and diet among four years old Swedish children (Ohlund,I. 2007). Diet was 
assessed using five days food diaries.  Dental caries was not found to be associated with 
consumption of any food item except for cheese which showed protective effect against 
dental caries. The odds of having one additional carious lesion decreased by 33% (95% 
CI 0.44, 0.98) per each serving of cheese. 
B.3: Diet quality and Dental Caries 
Several studies that focus on the relationship between diet and risk of dental caries have 
tended to focus primarily on the associations of specific food items like sugary food, 
sweetened sugary beverage and dairy products with dental caries, without investigating 
the association between overall diet quality and the risk of developing dental caries 
(Nunn,M.E. 2009). 
Because people consume food in combination, it is difficult to attribute the effects 
of an individual foods or nutrients to disease symptoms and outcomes. Furthermore, 
targeting single nutrient as a preventive approach for some diseases is not shown to be 
effective. Excessive intake of some nutrients or food is associated with certain dietary 
pattern (Quirk, Shae E 2013). Thus, studies exploring the association between diet and 
disease outcome have increasingly witnessed a shift in focus from individual nutrients to 
overall diet quality. 
Many studies have examined the relationship between overall diet quality 
measured by Healthy Eating Index and health outcomes. Studies have reported that lower 
 23 
 
 
HEI scores, indicating a less health promoting diet, are associated with a greater risk of 
death, obesity, arthritis, depression, cancer, and dental caries (Drewnowski, Adam 2009; 
Guo, X 2004; Kant, Ashima K 1996; Kuczmarski, Marie Fanelli 2010).  
Research exploring the association between diet quality and early childhood 
caries is extremely limited. One study used nationally representative data from the Third 
National Health and Nutrition Examination Survey (NHANES III) to examine the 
association between diet quality, as measured by the Healthy Eating Index (HEI), and the 
prevalence of ECC in 2- to 5-year-old children. A total of 3912 child were included in the 
analysis. The models were adjusted for age, race/ethnicity, education of reference person, 
poverty income ratio, recent dental visit and eating breakfast every day. Children with the 
best dietary practices (uppermost tertile of the HEI) found to be 44% less likely to display 
severe ECC compared with children with the worst practices (lowest tertile of the HEI) 
(Nunn,M.E. 2009). 
 Kolker et al. used factor analysis technique to determine the patterns of solid 
food consumption among sample of 436 low-income African American preschooler 
children. The Block Kids Food Questionnaire (FFQ) was used to determine child usual 
dietary intake.  Multinomial regression models found that soda consumption and 
powdered/sport drink consumption were positively associated with high caries 
experience, while, milk and real juice (not orange) were associated with lower caries 
experience (Kolker, Justine L 2007). 
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More recently, Zaki et al. examined the association between dietary quality, as 
measured by the Healthy Eating Index-2005 (HEI-2005) to ECC. A total of 60 children 
aged 2 to 6 years old were included in the study.  The 24-h diet recall method were used 
to determine the child dietary intake during the previous day. The mean total HEI-2005, 
Whole fruit, Milk and Sodium scores were significantly higher among the caries-free 
children compared to those who had ECC or S-ECC (Zaki, Nadine AA 2015).  
All of these studies have been cross-sectional. None have examined the longitudinal 
association between child diet quality and dental caries incidence. Additionally, no previous study 
has examined the impact of child diet quality change on dental caries risk. . Result from such 
study might contribute to the development of appropriate dietary guidance that focus in 
improving overall diet quality in order to promote better oral health. 
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Literature Review Summary 
 Part I: The association between diet quality of children and caregivers 
Understanding the factors that are related to establishing both healthy and unhealthy 
dietary habits could have critical implications for the promotion of more healthy nutrition 
in childhood and possibly lifelong (Birch, Leann L 1998). Parents have been shown to 
play important role in determining children dietary habits (Hart, CN 2010). Several 
studies have demonstrated that children's observations of their caregivers eating behavior 
influence the development of their own preferences and eating behaviors (Young, 
Elizabeth M 2004). Therefore, a caregiver with unhealthy eating behavior might have 
negative influence on their children eating behaviors.  
Few studies have attempted to evaluate the association between child-caregivers 
overall diet quality (Laster, Leigh Ellen R 2013; Beydoun, May A 2009; Vollmer, Rachel 
L 2015; Oliveria,S.A. 1992;  Skinner, Jean D 2002; Raynor, Hollie A 2011) . These 
studies suggest that caregiver and child diet quality are moderately correlated with each 
other. However, more research is needed to confirm this correlation especially among 
ethnic minorities such as African American due to their high risk of poor dietary quality 
(Fisk, Catherine M 2011). African-American  are  at  higher  risk  for many chronic 
conditions such as obesity, high cholesterol, and hypertension, compared to other groups 
in part due to their more prevalent  unhealthful  eating  behaviors (Lucan, Sean C 2012).  
Understanding more about the diets of African American children and the key factors that 
affect their diet pattern is critical step to be able to establish effective interventions to 
improve their diet quality. 
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 Part 2: The association between child HEI 2005 scores and dental 
caries 
Dental caries is a multifactorial disease that has a wide spectrum of potential risk factors. 
The role of diet as a cause of dental caries has been extensively reported. Several studies 
that focus on the relationship between diet and risk of dental caries have focused 
primarily on the associations of specific food items like sugary food, sweetened sugary 
beverage and dairy products with dental caries, without investigating the association 
between overall diet quality and the risk of developing dental caries. However, there are 
many limitations to studying single nutrients in relation to disease, given the complex 
combinations of food and interactions among different nutrients in the daily diet. 
Furthermore, excessive intake of some nutrients or food is associated with certain dietary 
pattern (Quirk, Shae E 2013). For example; in their study, Larowe et al. found that high 
soda consumption was associated with lower diet quality scores as measured by Healthy 
Eating Index. It was also associated with lower fruits and dairy intake which is known to 
have a protective effect against dental caries (LaRowe, T. L 2007). Therefore, targeting 
the overall diet quality instead of focusing on single nutrient would be more effective 
strategy to prevent dental caries. 
Many studies have examined the relationship between overall diet quality and 
health outcomes. Studies have reported that lower diet quality is associated with a greater 
risk of death, obesity, arthritis, depression, cancer (Drewnowski, Adam 2009; Guo, X 
2004; Kant, Ashima K 1996; Kuczmarski, Marie Fanelli 2010) 
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Research exploring the association between diet quality and early childhood 
caries is extremely limited. One study used nationally representative data from the Third 
National Health and Nutrition Examination Survey (NHANES III) to examine the 
association between diet quality, as measured by the Healthy Eating Index-2005 (HEI-
2005), and the prevalence of ECC in 2- to 5-year-old children. A total of 3912 child were 
included in the analysis. The models were adjusted for age, race/ethnicity, education of 
reference person, poverty income ratio, recent dental visit and eating breakfast every day. 
Children with the best dietary practices (uppermost tertile of the HEI-2005) found to be 
44% less likely to display severe ECC compared with children with the worst practices 
(lowest tertile of the HEI-2005) (Nunn,M.E. 2009). 
More recently, Zaki et al. examined the association between dietary quality, as 
measured by the Healthy Eating Index-2005 (HEI-2005) to ECC. A total of 60 children 
aged 2 to 6 years old were included in the study.  The 24-h diet recall method were used 
to determine the child dietary intake during the previous day. The mean total HEI-2005, 
Whole fruit, Milk and Sodium scores were significantly higher among the caries-free 
children compared to those who had ECC or S-ECC (Zaki, Nadine AA 2015).  
All of these studies have been cross-sectional. None have examined the 
longitudinal association between child diet quality and dental caries incidence. 
Additionally, no previous study has examined the influence of diet quality change over 
time on the child dental caries risk. 
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Study Objectives 
The objectives of this study were: 
1. To describe diet quality (as measured by the Healthy Eating Index, 2005) of low-
income African-American caregivers and their children. 
2. To determine the extent of the association (cross-sectional and/or longitudinal) 
between diet quality of low income African-American caregivers and diet quality of their 
children.  
3. To determine the extent of the association (cross-sectional and/or longitudinal) 
between diet quality of low income African-American children and dental caries. 
4. To determine the extent of the association between the longitudinal change in diet 
quality of low-income African-American children and caries incidence. 
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Specific Research Questions 
The following research questions were addressed in this study: 
Part I: The Association between Diet Quality of Children and Caregivers  
1. What is the diet quality (as measured by Healthy Eating Index 2005) of low-
income African American caregivers and their preschool children who participated in the 
Detroit Center for Research on Oral Health Disparities Project (DCR-OHD)? 
2. What are the baseline (wave I) characteristics (e.g. age, gender, BMI, 
participation in WIC, household income, etc.) associated with the African-American 
preschoolers’ diet quality at wave I?   
3. What are the baseline characteristics (e.g. age, gender, BMI, participation in WIC, 
household income, etc.) associated with the African American preschoolers’ diet quality 
at wave II?   
4. To what extent, if any, is there a cross-sectional relationship between low-income 
African-American caregivers’ diet quality measured at baseline (wave I) and the diet 
quality of their preschool children measured at baseline (wave I)? 
5. To what extent, if any, does African-American caregiver’s diet quality, measured 
at baseline (wave I) predict their preschool children’s diet quality measured at follow-up 
(wave 2)? 
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Part II: The Association between Child Diet Quality and Dental Caries 
1. Is there a cross-sectional association between wave I diet quality and wave I 
dental caries prevalence among African-American preschool children who 
participated in the DCR-OHD? 
2. Is there a longitudinal association between wave I diet quality and dental 
caries incidence at wave II among African-American preschool children who 
participated in the DCR-OHD? 
3. What is the influence of diet quality change over time (between wave I and 
wave II) on dental caries development among African-American preschool 
children who participated in the DCR-OHD ? 
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CHAPTER III: RESEARCH METHODOLOGY 
Data Source  
To address the study objectives, we analyzed data on low-income African-American 
child–caregiver dyads, collected by the Detroit Center for Research on Oral Health 
Disparities (DCR-OHD), one of five Centers for Research to Reduce Oral Health 
Disparities across the United States. The project was funded by the National Institute of 
Dental and Craniofacial Research (NIDCR, NIH grant #U-54 DE 14261-01), the 
University of Michigan’s Office of the Vice President for Research, and the Delta Dental 
Fund of Michigan. The study purpose, design and sample selection are described below. 
 
A. About Detroit Center for Research on Oral Health Disparities (DCR-OHD) 
A.1: Study Purpose 
The original study of the DCR-OHD was a seven years, longitudinal population-based 
cohort study. It was established with the following specific aims: 
 To promote oral health and reduce the disparities in oral health within the community of 
low-income African-American children (0-5 years) and their main caregivers, living in 
the City of Detroit.  
 To develop a multidisciplinary cadre of health providers knowledgeable about oral 
health care and research in the City of Detroit. 
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 To assist in the provision of dental care services to low-income and dentally underserved 
residents of the City of Detroit (160 University of Michigan 2016). 
 
A.2: Study Population 
Participants in the DCR-OHD were African-American child aged less than 6 years old 
and their main caregivers. One thousand and twenty-one child–caregiver pairs completed 
baseline data collection using face-to-face interviews and dental examinations in 2002–
2003. At 2-year follow-up in 2004–2005, 77.0% (n = 790) returned to complete the 
interviews and receive clinical oral examination (161 Finlayson,T.L. 2005).  
A.3: Sampling Method  
The selection of participants for DCROHD was based on a stratified two-stage area 
probability sample of households in 39 selected low-income census tracts in Detroit. In 
the first stage, 1,526 census blocks were the primary sampling units. A total of 118 
segments (groups of blocks) were created so that each segment contained at least 100 
households. In the second stage, trained study staff went to each of the 118 segments to 
list all housing units on listing forms. 
Approximately 14,000 housing units were listed and a total of 12,655 housing 
units were selected. Trained interview staff visited each sample housing unit to screen for 
eligibility. To be eligible for the study, households needed to have a black child aged less 
than 6 years, and the family’s income needed to be lower than the 250th percentile of the 
federal poverty guidelines. The children chosen to participate in the study were selected 
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randomly. This yielded a total sample of 1,021 pairs of children and their primary 
caregivers. The primary caregiver was defined as the person who has the decision-
making authority over what the index child eats, how to take care of the index child’s 
mouth and teeth, and when the index child visits the doctor or dentist, excluding those 
acting in a “babysitting” capacity for the index child. All participants gave written 
consent to taking part. The Institutional Review Board for Health Sciences at the 
University of Michigan approved all data-collection protocols (H03-00001546-R2).  
A.4: Data Collection 
Data were collected by interview and clinical examination at a central facility in Detroit. 
A structured questionnaire, administered by trained interviewers in face-to-face 
interviews with the caregivers, was used to obtain the information on sociodemographic 
and behavioral characteristics of the participants, as well as on their general health 
histories. 
I. Dental caries :  
The dental examinations were performed by four trained dentists (three of the dentists 
participated in both waves) using the International Caries Detection and Assessment 
System (ICDAS). The ICDAS criteria were developed by an international team of caries 
researchers to integrate several new systems of criteria into one standard system for 
caries detection and assessment. All assessments were made visually on clean and dry 
tooth surfaces without using a sharp explorer. Based on ICDAS criteria, dental examiners 
first determined whether a tooth surface was sound, sealed, restored, crowned, or 
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missing. Afterward, the examiners classified the carious status of each tooth surface using 
a seven-point ordinal scale ranging from 0 (sound, no caries) to 6 (distinct cavitation that 
involves dentin and at least half of the tooth surface). (See Table 1.) This system allows 
for separate severity detection of early non-cavitated enamel lesions, and cavitated 
enamel and/or dentin lesions. Among the four dentists, the inter-examiner Kappa statistic 
ranged from 0.63 to 0.75, and the intra-examiner Kappa statistic ranged from 0.59 to 
0.82.  
 
Table 1: Diagnostic Levels of Dental Caries Measured Using the International Caries 
Detection and Assessment System (ICDAS) 
Code Description 
0 • Sound tooth surfaces. 
• There should be no evidence of caries (either no 
or questionable change in enamel translucency 
after air-drying for 5 seconds). 
• Surfaces with developmental defects such as 
enamel hypoplasia; fluorosis; tooth wear 
(attrition, abrasion and erosion), and extrinsic or 
intrinsic stains are recorded as sound. 
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Code Description 
1 • First visual change in enamel. 
• When seen wet there is no evidence of any change 
in color attributable to carious activity, but after 
air drying for 5 seconds a carious opacity is 
visible that is not consistent with the clinical 
appearance of sound enamel. 
2 • Distinct visual change in enamel. 
• When viewed wet there is a carious opacity or  
discoloration that is not consistent with the 
clinical appearance of sound enamel (Note: the 
lesion is still visible when dry). This lesion may 
be seen directly when viewed from the buccal or 
lingual direction. In addition, when viewed from 
the occlusal direction, this opacity or 
discoloration may be seen as a shadow confined 
to enamel, seen through the marginal ridge.  
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Code Description 
3 • Initial breakdown in enamel due to caries with no 
visible dentin.  
• Once dried for 5 seconds there is distinct loss of 
enamel integrity, viewed from the buccal or 
lingual direction. These lesions may also have a 
discolored dentine shadow beneath the marginal 
ridge. 
4 • Noncavitated surface with underlying dark 
shadow from dentin.  
• This lesion appears as a shadow of discolored 
dentin visible through an apparently intact 
marginal ridge, buccal, or lingual walls of enamel. 
The darkened area is an intrinsic shadow which 
may appear as grey, blue, or brown in color.  
5 • Distinct cavity with visible dentin Cavitation in 
opaque or discolored enamel with exposed 
dentine in the examiner’s judgment. 
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Code Description 
6 • Extensive distinct cavity with visible dentin. 
• Obvious loss of tooth structure, the extensive 
cavity may be deep or wide and dentine is clearly 
visible on both the walls and at the base. The 
marginal ridge may or may not be present. An 
extensive cavity involves at least half of a tooth 
surface and possibly reaching the pulp. 
 
II. Dietary assessment 
 Children’s dietary intake 
Dietary information for children aged ≥3 years was collected at the baseline and after 2 
years by trained interviewers using the 2000 Block Kids Food Frequency Questionnaire 
(Kids FFQ) as developed by Block Dietary Data Systems, Berkeley, CA. The block Kids 
FFQ consists of 75 items. It asks the caregivers about a wide variety of individual foods, 
including (1) the number of days during the last week that the particular foods were 
eaten; and (2) the usual amount eaten in one day. To judge portion sizes, participants 
were asked to look at clay models and photographs.  
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The collected dietary data were quantified as the daily intake in grams (or ml for 
liquids) and further summarized into daily intakes of energy and nutrients using an 
algorithm from Block Dietary System. 
 Adults’ dietary intake 
Dietary histories for adults were obtained at the baseline by trained interviewers using the 
Block 98.2
® 
Food Frequency Questionnaire (FFQ) developed by Block Dietary Systems, 
Berkeley, CA. The Block 98.2 FFQ consists of 110 items. It asks about the frequency of 
consumption of a wide variety of food items over the previous year, plus the number of 
servings per ingestion and the portion size (judged by the respondent from photographs 
and food models of various portion sizes). Algorithms used by Block Dietary Systems, 
based on data from several National Food Consumption Surveys conducted by the U.S. 
Department of Agriculture, permit the calculation of energy and nutrient intake, the 
frequency of consumption of food items, and also the daily intake in grams (or ml for 
liquids). 
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B. Analysis plan for current study 
In this dissertation, we analyzed data from the baseline (Wave 1, 2002–2003) and the 
follow-up (Wave 2, 2004–2005) of DCROHD. Our analyses included data for children of 
3 years or older at baseline and their main caregivers (n = 522). Children under age of 3 
years were excluded because the “2000 Block Kids” Food Frequency Questionnaire was 
administered only for children of 3 years of age and older. After two years, 75.3% of 
baseline sample returned to participate in wave II. Therefore, our longitudinal analyses 
included 393 child/caregivers dyads.  
B.1: Measures 
 Dental Caries  
For the cross-sectional analysis, two caries outcome measure were used: 
1. dtmfs: the sum total of decayed dental surfaces (non-cavitated and cavitated: 
i.e. ICDAS categories 1–6), filled surfaces and missing surfaces owing to 
caries (calculated as 4 surfaces for an anterior tooth and 5 surfaces for a 
posterior tooth). 
2. d2mfs: the sum total of cavitated decayed surfaces (i.e. ICDAS categories 4–
6), filled surfaces and surfaces missing owing to caries (calculated as 4 
surfaces for an anterior tooth and 5 surfaces for a posterior tooth). 
For the longitudinal analysis we compared the caries status of each tooth surface in wave 
II with its status at wave I, which resulted in two outcome measures: 
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3. New dtmfs: the sum total of new decayed dental surfaces (non-cavitated and 
cavitated: i.e. ICDAS categories 1–6), filled surfaces, and surfaces missing 
owing to caries (calculated as 4 surfaces for an anterior tooth and 5 surfaces 
for a posterior tooth). 
4. New d2mfs: sum of the total new decayed cavitated surfaces (i.e. ICDAS 
categories 4–6), filled surfaces, and surfaces missing owing to caries 
(calculated as 4 surfaces for an anterior tooth and 5 surfaces for a posterior 
tooth). 
We calculated adjusted increments for dtmfs and d2mfs to adjust for reversals that 
could have occurred due to examiners’ misclassification, as well as for transitions from 
non-cavitated carious lesions to sound tooth surfaces. This adjustment was done using the 
prevalence-based adjustment formula (3 Beck, James D 1995).
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 Diet quality measure 
Data used for this study was collected between 2002-2005. Therefore, we chose to use 
the 2005 version of HEI as diet quality measure for our sample, which is more 
contemporaneous with the data analyzed in this study compared to the 2010 version (4 
Guenther, Patricia M 2008). The index’s individual food components and total score of 
the HEI-2005 were calculated based on dietary histories obtained through the Block 
98.2® FFQ for adults and the 2000 Block Kids FFQ for children using SAS software 
(version 9.4, SAS Institute Inc., Cary, NC). Amount in grams and energy of each dietary 
item were provided by Nutrition-Quest for calculation of HEI-2005 component scores. 
The USDA Food Search Tool 3.0 was used to provide necessary information to calculate 
HEI-2005 components, such as grams or ounces per cup, amounts of fat or added sugar in 
certain foods (6 US,Department of Agriculture 2015). 
HEI-2005 has 12 components, including nine adequacy and three moderation 
components. The adequacy of intake is captured with higher scores for increased intake 
of total fruit; whole fruit; total vegetables; dark green and orange vegetables and 
legumes; total grains; whole grains; milk (including soya milk); meat and beans (which 
includes nuts, eggs and soya foods excluding drinks); and oils (those found in 
mayonnaise, margarine, salad dressing, nuts and seeds, and fish). The moderation of 
intake is captured with reduced intake of saturated fat, sodium, and energy from saturated 
fat and solid fat, alcohol, and added sugar (SoFAAS).  
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Total fruit, whole fruit, total vegetables, dark green and orange vegetables, and 
legumes (after the meat and bean component reaches maximum values), and milk are 
measured in cup equivalents (eq)/4,184 kJ (1,000 kcal); while, meat and beans, total 
grains and whole grains are measured in ounce equivalents (oz eq)/4,184 kJ (1,000 kcal). 
The amounts of oils and sodium are calculated in g/4,184 kJ (1,000 kcal).  
The total HEI-2005 score (range 0–100) is a sum of the 12 component scores, a 
higher HEI-2005 total score indicating a higher quality of diet. A HEI-2005 score greater 
than 80 is rated as “good”, 51–80 as “needs improvement”; and less than 51 as “poor”. 
This scoring criteria was established in the initial HEI work by Kennedy et al. in 
consultation with nutrition experts. (121 T KENNEDY, EILEEN 1995).  
Each of the HEI-2005 components contribute differently to the total HEI-2005 
score. A score of 5 is given for meeting or exceeding the recommended intake of total 
fruit, whole fruit, total vegetables, dark green and orange vegetables and legumes, total 
grains, or whole grains. A score of 10 is assigned when recommended amounts of milk, 
meat and beans, and oils are met or exceeded; and when saturated fat and sodium are 
equal to or less than recommended intake. The recommended percent of energy 
contributed by SoFAAS is assigned a score of 20 if it is equal to or less than the 
recommendations (121 T KENNEDY, EILEEN 1995).The recommendations for each 
component score are included in Table 2. 
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Table 2: Healthy Eating Index-2005 Components and Standards for Scoring
1
  
Component Max. 
points 
Standard for max. 
score 
Standard for 
min. score of 
zero 
Total Fruit (includes 100% juice) 5 ≥0.8 cup equiv. 
per 1,000 kcal 
No Fruit 
Whole Fruit (not juice) 5 ≥0.4 cup equiv. 
per 1,000 kcal 
No Whole Fruit 
Total Vegetables 5 ≥1.1 cup equiv. 
per 1,000 kcal 
No Vegetables 
Dark Green and Orange Vegetables and Legumes
2
 5 ≥0.4 cup equiv. 
per 1,000 kcal 
No Dark Green 
or Orange 
Vegetables or 
Legumes 
Total Grains 5 ≥3.0 oz equiv. per 
1,000 kcal 
No Grains 
Whole Grains 
5 ≥1.5 oz equiv. per 
1,000 kcal 
No Whole 
Grains 
Milk
3
 
10 ≥1.3 cup equiv. 
per 1,000 kcal 
No Milk 
Meat and Beans 
10 ≥2.5 oz equiv. per 
1,000 kcal 
No Meat or 
Beans 
Oil
4
 
10 ≥12 grams per 
1,000 kcal 
No Oil 
Saturated Fat 10 ≤7% of energy5 ≥15% of energy 
Sodium  
10 ≤0.7 gram per 
1,000 kcal
5
 
≥2.0 grams per 
1,000 kcal 
Calories from Solid Fats, Alcoholic beverages, and Added 
Sugars (SoFAAS) 
20 ≤20% of energy ≥50% of energy 
1Intakes between the minimum and maximum levels are scored proportionately, except for Saturated Fat 
and Sodium (see note 5). 
2Legumes counted as vegetables only after Meat and Beans standard is met. 
3Includes all milk products, such as fluid milk, yogurt, and cheese, and soy beverages. 
4Includes nonhydrogenated vegetable oils and oils in fish, nuts, and seeds. 
5Saturated Fat and Sodium get a score of 8 for the intake levels that reflect the 2005 Dietary Guidelines, 
<10% of calories from 
saturated fat and 1.1 grams of sodium/1,000 kcal, respectively
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 Background characteristics 
Several socio-demographic and psychosocial characteristics were accounted for in our 
analyses. All variables for background characteristics were based on the Wave I 
questionnaire.  
 Child-level factors 
Included factors were child’s age (range 3–5 years), gender, having ever been diagnosed 
with asthma, and child’s current participation in WIC or Head Start. Additionally, child 
BMI (kg/m
2
) was calculated and transformed to a BMI z-score compared to national 
averages according to Centers for Disease Control and Prevention 2000 growth charts 
(157 Kuczmarski,R.J. 2002). BMI z-score was used to classify children as not overweight 
(BMI <85th percentile), overweight (85th percentile ≤ BMI <95th percentile), or obese 
(BMI ≥95th percentile) (158 Lim, Sungwoo 2009). In the Part II analysis we included 
child oral-related factors such as brushing frequency during the preceding week 
(categorized as 1 (< 7) or 2 (≥ 7), children’s dental visits during the study period (1 = yes; 
2 = no); and baseline dtmfs scores (grouped as 1 = none; 2 = ≤ 8; and 3 = >8) 
 Family-level factors 
Sociodemographic variables included the caregiver’s age (categorized into: 1 = < 25 
years; 2 = 25–34 years; and 3 = 35 years or more); caregiver education level (grouped as 
1 = less than high school; 2 = high-school graduate; 3=some college or higher); annual 
household income (categorized as 1 = < $10,000; 2 = ≥ $10,000); caregiver’s full-time 
employment status (1 = yes; 2 = no); caregiver’s relationship to child (categorized as 1 = 
biological mother; 2 = biological father; 3 = grandmother; 4 = someone else); caregiver’s 
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BMI for age (categorized as 1 = less than healthy, BMI <18.5; 2 = healthy, BMI = 18.5 to 
<25; 3 = overweight, BMI = 25 to <30; 4 = obese, BMI = 30+); and number of children 
less than 18 years old in the household (categorized as 1 = one child; 2 = two children; 3 
= three or more children). 
Psychosocial factors potentially influencing caregivers’ preventive oral health 
behavior were examined, including parenting stress, symptoms of depression, and social 
support. Parenting stress was measured using a parenting stress scale devised by Abidin 
et al (7 Abidin, Richard R 1995). The average of caregivers’ responses to 6 questionnaire 
items was used to estimate the parenting stress score, which was further dichotomized 
into 1 = < 75th percentile, and 2 = ≥ 75th percentile. This stress-scoring measure has 
shown high levels of internal consistency (alpha = 0.76) in previous analyses (8 
Finlayson, Tracy L 2007). The Center for Epidemiological Studies Depression Scale 
(CES-D) was used to measure depressive symptoms among caregivers (9 Husaini, Baqar 
A 1980; 10 Radloff, Lenore Sawyer 1977). CES-D scores were categorized as 1 = low 
depressive symptoms (score < 23); or 2 = high depressive symptoms (score ≥ 23) (11 
Siefert, Kristine 2007). With regard to caregivers’ social support, this variable was 
created based on caregivers’ responses to four questionnaire items regarding errands, 
child care, financial assistance, and help with transportation. This variable was then 
categorized into: 1 = high support (caregivers with support in all four areas); and 2 = low 
support (caregivers who had lack of support in one of the four areas) (8 Finlayson, Tracy 
L 2007).  
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B.2: Statistical analysis 
SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA) and STATA 14 (StataCorp 
LP, College Station, Tex., USA) were used for the statistical analyses accounting for the 
clustering effect due to the complex sample design.  All analyses were adjusted with the 
appropriate weight to account for unequal selection probabilities and differential non-
response. 
Part I: The association between diet quality of children and caregivers  
 Descriptive analysis 
 
Frequencies (n), weighted percentages and standard errors were first obtained for all 
background categorical variables. Weighted means and standard errors were reported for 
HEI-2005 total and component scores for children and their caregivers.  
 Bivariate analysis 
Because HEI-2005 component scores were not normally distributed it was not possible to 
examine each component association between caregiver and child using Pearson 
correlation. As an alternative, we calculated percentages of children and caregivers 
meeting the recommendations for each component. Chi-square analysis was performed to 
examine whether there was a statistically significant difference between the proportion of 
caregivers and children meeting the component recommendations. To examine whether 
other variables were associated with child’s total HEI-2005 score, bivariate analysis was 
conducted using simple linear regression with child total HEI-2005 score at both wave I 
and wave II as the outcome variables, and the following background characteristics: 
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child’s age, gender and weight; participation in WIC or Head Start programs; household 
income; caregiver’s education level, employment, age, and relationship to child; social 
support, parental stress, depressive symptoms; and number of children less than 18 years 
old in the household. 
 Multivariate analysis 
Variables found significant from bivariate analyses or reported to be important predictors 
for child diet quality in previous literature were entered into a multiple linear regression 
model. The significance level was defined at 2-tailed alpha ≤ 0.05.   
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Part 2: The association between child HEI 2005 scores and dental caries 
 Bivariate analysis 
 examine the cross-sectional association between wave I child caries experience and wave 
I child HEI 2005 scores, analysis of variance was performed with child caries experience 
(measured by dtmfs and d2mfs “continuous variables”) as the outcome variable; and 
child total HEI-2005 score (categorized into quartiles) and HEI-2005 component scores 
(dichotomized into high and low based on the median) as predictor variables. The 
association with wave I dental caries experience was also examined with the following 
categorical baseline characteristics: child’s age, gender, and weight status; participation 
in WIC or Head Start programs; brushing frequency and frequency of dental visits; dental 
insurance; household income; caregiver’s education level, employment, age, and 
relationship to child; social support, parental stress, depressive symptoms; and number of 
children less than 18 years old in the household.  
To examine the longitudinal association between child HEI 2005 scores at wave I 
and child caries incidence at wave II, analysis of variance was performed with child wave 
II adjusted caries increments (measured by new dtmfs and new d2mfs “continuous 
variables”) as the outcome variable; and child wave I total HEI-2005 score (categorized 
into quartiles) and HEI-2005 component scores (dichotomized into high and low based 
on the median) as predictor variables. The association between wave II caries increments 
was also examined with the above-mentioned baseline covariates.  
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 Multivariate analysis 
To explore the influence of the other variables on the relationship between child wave I 
total HEI 2005 quartiles and child dental caries (at wave I and II), an unadjusted negative 
binomial model was fitted, as well as a model adjusting for the other variables found 
significant (p ≤ 0.05) from the bivariate analyses, or reported to be important predictors 
for child dental caries in previous literature, such as household income, caregiver 
education, child brushing and dental visits. The negative binomial regression was used to 
account for “over-dispersed” counts such as the number of noncavitated, cavitated, filled, 
or missing tooth surfaces in this data. 
Finally, we used the child multiple dietary assessments at wave I and wave II to 
examine changes in child total HEI-2005 score in relation to adjusted caries increment at 
wave II. We used differences in quintile change for the HEI-2005 total score between 
wave I and wave II to produce five diet-change categories: 
1. Low–low category: HEI-2005 total score in quintile 1 or 2 (lowest quintiles) 
at wave I and wave II; 
2. deteriorate category: this category includes those with: 
a. HEI-2005 total score in quintile 4 or 5 (highest quintiles) at wave I; and 
in quintile 1 or 2 (lowest quintiles)  at wave II; 
b. HEI-2005 total score in quintile 4 or 5 (highest quintiles) at wave I; and 
in quintile 3 (middle quintile) at wave II; 
c. HEI-2005 total score in quintile 3 (highest quintiles) at wave I; and in 
quintile 1 or 2 (lowest quintiles) at wave II; 
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3. Middle- Middle: HEI-2005 total score in quintile 3 (middle quintiles) at 
wave I and wave II; 
4. Improve category: this category includes those with: 
a. HEI-2005 total score in quintile 1 or 2 (lowest quintiles) at wave I; and 
in quintile 4 or 5 (highest quintiles) at wave II. 
b. HEI-2005 total score in quintile 1 or 2 (lowest quintiles) at wave I; and 
in quintile 3 (middle quintile) at wave II. 
c. HEI-2005 total score in quintile 3 (middle quintiles) at wave I; and in 
quintile 4 or 5 (highest quintiles) at wave II. 
5. High–high category: HEI-2005 total score in quintile 4 or 5 (highest 
quintiles) at both wave I and wave II. 
We evaluated the association between change in child diet quality and adjusted 
caries increment (new dtmfs, d2mfs) after controlling for the effect of important 
confounders using negative binomial models. STATA 14 (StataCorp LP, College Station, 
Tex., USA) was used to apply the negative binomial models, with special consideration 
given to the complex multistage sampling scheme of the DCR-OHD.  
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CHAPTER IV: RESULTS 
Part I: The association between diet quality of children and caregivers 
1A. Cross-Sectional Association between Child and Caregiver Diet Quality Scores  
Baseline background characteristics of the study sample, which included 522 caregiver–
child dyads, are shown in Table 3. Children’s gender distribution was almost equal 
between male and female. Around 31% and 26% of children respectively participated in 
WIC and Head Start Assistant programs. Approximately three quarters of children were 
not overweight (73.5%).  In terms of family characteristics, the majority of caregivers 
were biological mothers (86.8%) aged between 25 and 36 years (51%), and were not 
employed at the time of the survey (63.4%). Almost 45% of caregivers reported their 
annual household income to be less than $10,000; 46.4% of them had less than high-
school education; 30.4% held a high-school diploma; and 23.3% had some college 
education or higher. Approximately three quarters of caregivers were either obese or 
overweight (73.2%). In terms of caregivers’ psychosocial characteristics, the majority of 
caregivers had relatively low levels of parental stress (71.6%), and most of them (61.4%) 
reported having high social support available to them. Approximately 18% of caregivers 
had high levels of depression symptoms (CESD ≥ 23).   
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Table 3:  Baseline  (Wave I) Sample  Characteristics  for  African-American  Children  
Aged  3–5 Years  and  Their  Caregivers  (n=522) 
 
Frequency 
 
Weighted % 
Child’s Characteristics    
Age 
3 
4 
5 
 
178 
169 
175 
 
30.6 
34.1 
35.3 
Gender 
Male 
Female 
 
249 
237 
 
50.4 
49.6 
Participation in WIC  
Yes 
No 
 
148 
374 
 
31.3 
68.7 
Participation in Headstarts 
Yes 
No 
 
136 
386 
 
26.5 
73.5 
Child Weight status  
Nonoverweight (BMI < 85%)  
Overweight (85% ≤ BMI < 95%) 
Obese (BMI ≥ 95%) 
 
380 
81 
61 
 
73.5 
15.7 
10.7 
Family  Characteristics    
Caregiver’s Age 
Less than 25yrs. 
25-34 
35 yrs. ore more 
 
125 
260 
137 
 
25.0 
51.0 
24.0 
Caregiver’s Education level 
Less than High School 
High school graduate 
Some college or higher 
 
243 
163 
116 
 
46.4 
30.4 
23.3 
Caregiver relationship  
Biological mother  
Biological father  
Grandmother  
Someone else 
 
445 
18 
35 
24 
 
86.8 
2.8 
6.2 
4.2 
Caregiver’s Employment  
yes 
No 
 
203 
319 
 
36.5 
63.4 
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Household Income 
Less than $10 000 
≥ $10 000 
 
234 
288 
 
45.2 
54.8 
Caregiver’s BMI  
Less than healthy (BMI <18.5)  
Healthy (BMI 18.5 to <25)  
Overweight (BMI 25 to <30)  
Obese (BMI 30+) 
 
7 
134 
118 
260 
 
1.1 
25.8 
23.8 
49.4 
Caregiver’s Social support 
Low 
High 
 
202 
320 
 
38.6 
61.4 
Caregiver’s Parental stress 
Low 
High (≥75th %) 
 
384 
138 
 
71.6 
28.42 
Depressive symptoms 
Low  
High (CESD ≥ 23) 
 
423 
99 
 
81.7 
18.3 
No. of children <18 year in the 
household  
1  
2  
≥ 3  
 
 
96 
128 
283 
 
 
13.9 
24.2 
62.0 
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Table 4 presents the distribution of participants by HEI-2005 total score 
categories. According to USDA’s Center for Nutrition Policy and Promotion, a HEI-2005 
total score of 81-100 is denoted as “good”, a score of 51-80 is denoted as “needs 
improvement” and a score of ≤ 50 is considered as “poor”(12 Guenther, Patricia M 
2008). Only 1% of caregivers were found to be in the “good” diet category, around 75% 
in the “needs improvement” category, and 24.2% in the “poor” category. For children at 
wave I, none of the children met the HEI criterion for being in a “good” category; 73.4% 
had diet quality that “needs improvement”; and 26.6% had “poor” diet quality. For 
children at wave II, only 0.3% had a “good” HEI score; 75.6% of them were classified as 
“needs improvement”; and 24.1% as “poor”. 
 
Table 4: Distribution of Participants According to Total HEI-2005 Score Categories 
  
Total 
Good 
(Total HEI > 80) 
 
Frequency 
(Weighted %) 
Need Improvement 
(Total HEI= 51-80) 
 
Frequency 
(Weighted %) 
Poor 
(Total HEI< 51) 
 
Frequency 
(Weighted %) 
 
Caregiver 
 ( wave I) 
 
 
 
522 
 
 
5 (1.0) 
 
 
377 (74.9) 
 
 
140 (24.2) 
 
Child  
(wave I) 
 
 
522 
 
0 
 
381 (73.4) 
 
141 (26.6) 
 
Child  
(wave II) 
 
393 
 
1 (0.3) 
 
294 (75.6) 
 
98 (24.1) 
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Table 5 summarizes diet-quality scores for the caregivers and their children. At 
wave I the mean total HEI-2005 scores for caregivers were 57.47. For children, the mean 
total HEI-2005 scores at wave I and II were 56.04 and 57.39 respectively.  
 
Table 5: Caregivers and Child Total and Component HEI-2005 Scores  
Category  
Max 
Point 
W1 Child’s Mean 
HEI ± SE 
W II Child’s Mean 
HEI ± SE 
WI Caregiver’s Mean 
HEI ± SE 
Total Fruit 5 4.11 ± 0.07 3.83 ± 0.12 2.84± 0.07 
Whole Fruit 5 3.63± 0.08 3.56 ± 0.13 2.11± .06 
Total Vegetables 5 1.23± 0.04 1.29 ± 0.05 1.99 ± .07 
Dark Green and 
Orange 
Vegetables and 
Legumes  
5 1.20± 0.07 1.23 ± 0.06 2.02± .07 
Total Grains  5 3.39± 0.07 3.68 ± 0.06 3.71± .06 
Whole Grains 5 1.18 ± 0.12 1.11 ± 0.09 3.31 ± .12 
Milk 10 5.71± 0.15 5.93 ± 0.19 3.81 ± .14 
Meat and Beans 10 7.98± 0.11 7.95 ± 0.13 8.77 ± .08 
Oil 10 1.83± 0.14 2.01 ± 0.14 4.46± .11 
Saturated Fat 10 3.87 ± 0.14 4.29 ± 0.15 4.25± .13 
Sodium  10 6.06± 0.09 5.95 ± 0.13 5.50± .11 
SoFAAS 20 15.86 ± 0.31 16.56 ± 0.29 14.97± .39 
Total HEI- 2005 
Scores  
100 56.04±.60 57.39 ± 0.83 57.47± .63 
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The percentages of children and caregivers meeting the recommendations for each 
component of HEI-2005 were compared (Table 6). The number of children who met the 
recommendations for total fruits, whole fruits and milk scores in both waves was 
significantly higher than that of their caregivers (p <0.001). On the other hand, the 
number of caregivers who met the recommendations for total vegetables, dark green and 
orange vegetables and legumes, whole grains, meat and beans, and oils scores was 
significantly higher than that of their children (p <0.05). 
When we compared children’s scores between wave I and wave II, we found that 
the number of children who met the recommendations for the total fruit score in wave II 
was significantly lower compared to that in wave I (p =0.02). However, the number of 
children who met the recommendations for SOFAAS score was significantly higher in 
wave II than in wave I (p =0.002). 
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Table 6: Percentages of Participants Meeting Recommendation for Component HEI-2005 
Scores* 
Category  
Recommended 
Amount /1,000 
kcal 
% Children 
Meeting 
Recommendation 
at WI 
% Children 
Meeting 
Recommendation 
at WII 
% Caregivers 
Meeting 
Recommendation 
at WI 
Total Fruit ≥0.8 Cup 59.6 a 50.5 b 23.8 c 
Whole Fruit ≥0.4 Cup 44.4  a 42.9 a 10.8 b 
Total Vegetables ≥1.1 Cup 2.0 a 0.7 a 5.1 b 
Dark Green and 
Orange Vegetables 
and Legumes  
≥0.4 Cup 2.3 a 2.4 a 10.3 b 
Total Grains  ≥3.0 oz 13.8 a 16.6 a , b 19.6 b 
Whole Grains ≥1.5 oz 6.2 a 5.0 a 49.7 b 
Milk ≥1.3 cup 16.0 a 12.4 a 2.7 b 
Meat and Beans ≥2.5 oz 37.7 a 33.7 a 51.1 b 
Oil 
≥12 g per 1,000 
kcal 
2.1 
a
 1.1 
a
 7.3 
b
 
Saturated Fat ≤7% of energy 2.1 a,b 0.7 a 2.1 b 
Sodium  
≤0.7 gram 
/1,000 kcal5 
1.2 
a
 0.6 
a
 0.4 
a
 
SoFAAS ≤20% of energy 45.3 a 53.7 b 42.6 a 
  *Values sharing the same superscript in each row are not statistically significant different from each other   
(p value > 0.05) 
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Table 7 presents the bivariate association between child total HEI-2005 scores at 
wave I and sample baseline background characteristics. Caregiver HEI-2005 total score 
was the most significant predictor of child total HEI-2005 scores (p < .0001). 
Additionally, caregiver’s higher educational level had a positive and significant 
association with the child total HEI-2005 scores (p = 0.04). In addition, children who live 
in households with annual income less than $10,000 had significantly lower HEI-2005 
total scores compared to those who live in households with higher household income (p = 
0.006). None of the child-related characteristics or caregiver psychosocial factors showed 
significant association with the child total HEI-2005 scores at wave I. 
Table 7: Bivariate Association between Child Total HEI-2005 Score at Wave I and 
Sample Characteristics (n=522) 
Variables 
Child Total HEI Score at Wave I 
Mean ±SE 
 
P 
Child Characteristics    
Child Gender 
Male  
Female 
 
55.15 ± 0.63 
56.58 ± 0.89 
0.28 
Child Age  
3 
4 
5 
56.44 ± 0.80 
55.83 ± 1.18 
55.90 ± 0.77 
0.76 
Participation in WIC  
Yes 
No 
 
57.09 ± 1.43 
55.56 ± 0.61 
 
0.34 
Participation in Headstart  
Yes 
No 
 
56.86 ± 1.06 
55.75 ± 0.64 
0.33 
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Child Weight status  
Nonoverweight (BMI < 85%)  
Overweight (85% ≤ BMI < 95%) 
Obese (BMI ≥ 95%) 
 
56.37 ± 0.77 
54.55 ± 1.11 
56.00 ± 1.08 
0.42 
Family Characteristics    
Household Income  
Less than $10 000 
≥ $10 000 
 
54.28 ± 0.86 
57.50 ± 0.76 
0.006* 
Caregiver’ Education Level 
Less than High School  
High School graduate 
Some college or higher 
 
54.64 ± 0.99 
56.69 ± 0.75 
57.99 ± 0.81 
0.04* 
Caregiver Employment 
Yes  
No 
 
57.05 ± 0.85 
55.46 ± 0.68 
0.10 
Caregiver’s BMI  
Less than healthy (BMI <18.5)  
Healthy (BMI 18.5 to <25)  
Overweight (BMI 25 to <30)  
Obese (BMI 30+) 
 
57.39 ± 2.74 
55.69 ± 0.73 
56.91 ± 1.50 
55.64 ± 0.77 
0.82 
Caregiver’s total HEI 2005 quartiles 
Q1 (Highest) 
Q2 
Q3 
Q4 (Lowest) 
 
61.0±0.9 
58.7±0.8 
54.1±0.9 
50.1±0.9 
<.0001* 
Age 
Less than 25yrs. 
25-34 
35 yrs. ore more 
 
55.28 ± 0.94 
56.22 ± 0.71 
56.45 ± 1.07 
0.58 
Caregiver relationship  
Biological mother  
Biological father  
Grandmother  
Someone else 
 
55.97 ± 0.63 
54.73 ± 2.21 
57.09 ± 1.90 
56.88 ± 1.91 
 
 
 
0.81 
Caregiver’s Social support 
Low 
High 
 
55.50 ± 0.74 
56.38 ± 0.75 
0.34 
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Caregiver’s Parental stress 
Low 
High (≥75th %) 
 
56.08 ± 0.68 
55.95 ± 1.02 
0.91 
Caregiver’s Depressive symptoms 
Low  
High (CESD ≥ 23) 
 
56.03 ± 0.62 
56.08 ± 1.23 
0.97 
No. of children <18 year in the household  
1  
2  
3 or more 
 
56.63 ± 1.11 
54.92 ± 0.92 
56.32 ± 0.78 
 
0.31 
     *Statistically significant 
 
Table 8 presents a multiple linear regression model predicting child total HEI-
2005 score at wave I. The overall model was statistically significant (p < 0.0001). Around 
15% of the variability in child HEI-2005 scores can be explained by the model (R2 = 
0.154). 
Caregiver HEI -2005 total score was the only statistically significant determinant 
for child diet quality at wave I, holding income and caregiver education constant. The 
model indicated that for one unit increase in caregiver HEI-2005 total score, child HEI-
2005 total score will increase by 0.35 units. Income and caregiver education were not 
found to be statistically significant predictors for child HEI-2005 total score at wave I (p 
= 0.17, 0.6 respectively). 
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Table 8: Multiple Linear Regression Model Predicting Child Total HEI-2005 Score at 
Wave I (n=522) 
Variables Estimate 95% CI   P  
Caregiver HEI 2005  0.35 0.25-0.45 <.0001 
 
Caregiver Education Level 
Less than High School 
High School graduate 
Some college or higher 
 
 
Ref 
0.87 
1.12 
 
 
Ref 
-1.52 , 3.77 
-1.23 , 2.98 
 
 
0.6 
Household Income 
Less than $10 000 
≥ $10 000 
 
Ref 
1.43 
 
Ref 
-0.67 , 3.54 
 
0.17 
  *Statistically significant 
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1B. Longitudinal Association between Child and Caregiver Diet Quality  
Table 9 presents the bivariate association between wave I background sample 
characteristics and child total HEI-2005 scores at wave II. Caregiver total HEI-2005 
score at wave I had a positive and significant association with child total HEI-2005 score 
at wave II (p <.0001). Unemployed caregivers had children with higher total HEI-2005 
scores compared to those employed (p = 0.05). Additionally, children with caregivers 
younger than 25 years had lower total HEI-2005 score compared to children with older 
caregivers (p = 0.08). Higher caregiver education level and higher household income 
were associated with higher child total HEI-2005 score at wave II. However, these 
associations did not show statistical significance at a 5% error level (p = 0.14, 0.18 
respectively). None of the child-related characteristics or caregiver psychosocial factors 
were shown to be significant predictors to child total HEI-2005 scores at wave II. 
Table 9: Bivariate Association between Child Total HEI-2005 Score at Wave II and 
Sample Background Characteristics at Wave I (n=393) 
Variables 
Child Total HEI Score at Wave II 
Mean (SE) 
(n=393) 
P 
Child Characteristics    
Child Gender 
Male  
Female 
 
57.05 ± 1.31 
57.71 ± 0.75 
0.63 
Child Age  
3 
4 
5 
 
57.39 ± 0.92 
56.68 ± 1.27 
58.18 ± 1.36 
 
0.68 
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Participation in WIC  
Yes 
No 
 
58.12 ± 1.35 
57.02 ± 1.01 
0.51 
Participation in Headstart  
Yes 
No 
 
56.39 ± 1.41 
57.78 ± 0.98 
0.40 
Child Weight status  
Nonoverweight (BMI < 85%)  
Overweight (85% ≤ BMI < 95%) 
Obese (BMI ≥ 95%) 
 
57.43 ± 0.90 
56.14 ± 1.37 
58.78 ± 1.30 
0.40 
Family Characteristics    
Household Income  
Less than $10 000 
≥ $10 000 
 
56.40 ± 1.08 
58.21 ± 1.02 
0.18 
Caregiver’ Education Level 
Less than High School  
High School graduate 
Some college or higher 
 
55.90 ± 1.06 
57.61 ± 0.99 
60.07 ± 1.95 
0.14 
Caregiver Employment 
Yes  
No 
 
56.13 ± 0.94 
58.09 ± 0.94 
0.05* 
Caregiver’s BMI  
Less than healthy (BMI <18.5)  
Healthy (BMI 18.5 to <25)  
Overweight (BMI 25 to <30)  
Obese (BMI 30+) 
 
61.31 ± 2.39 
59.07 ± 1.47 
55.62 ± 1.61 
57.05 ± 0.86 
0.12 
Caregiver’s total HEI 2005 quartiles 
Q1 (Highest) 
Q2 
Q3 
Q4 (Lowest) 
 
 
61.5 ±1.1 
58.9 ±1.0 
57.2 ±1.3 
51.4 ±1.4 
<.0001* 
Caregiver’s  Age 
Less than 25yrs. 
25-34 
35 yrs. ore more 
 
55.20 ± 1.32 
57.67 ± 1.33 
59.11 ± 1.10 
0.08** 
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Caregiver relationship  
Biological mother  
Biological father  
Grandmother  
Someone else 
 
57.31 ± 0.91 
55.42 ± 2.41 
58.55 ± 2.66 
59.22 ± 2.51 
 
 
 
0.69 
Caregiver’s Social support 
Low 
High 
 
56.40 ± 1.51 
58.00 ± 0.70 
0.28 
Caregiver’s Parental stress 
Low 
High (≥75th %) 
 
56.91 ± 0.81 
58.49 ± 1.85 
0.43 
Caregiver’s Depressive symptoms 
Low  
High (CESD ≥ 23) 
 
57.58 ± 0.70 
56.57 ± 2.15 
0.61 
No. of children <18 year in the household  
1  
2  
3 or more 
 
55.11 ± 1.87 
56.19 ± 1.25 
58.25 ± 1.04 
0.20 
 *Statistically significant **Approached statistical significance 
 
Table 10 presents a multiple linear regression model predicting child total HEI-
2005 score at wave II. The overall model was statically significant (p < 0.0001). Around 
14% of the variability in child total HEI-2005 score at wave II can be explained by the 
model (R2 = 0.136) 
Caregiver HEI -2005 total score at wave I was the most statistically significant 
predictor for child diet quality at wave II, holding other variables in the model constant (p 
< 0.0001). The model indicated that for each unit increase in caregiver wave I HEI-2005 
total score, child wave II HEI-2005 total score will increase by 0.31 units. Additionally, 
caregiver employment status at wave I was found to be a statistically significant predictor 
for the child total HEI-2005 score at wave II, holding other variables in the model 
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constant (p = 0.02). Children of unemployed caregivers had higher HEI-2005 scores by 
approximately 2.5 units compared to children of employed caregivers. Caregiver income, 
age, and education were not found to be statistically significant predictors for child HEI-
2005 total score at wave II (p = 0.95, 0.30, 0.35 respectively). 
 
Table 10:  Multiple Linear Regression Model Predicting Child Total HEI-2005 Score at 
Wave II (n=393)  
Variables Estimate 95% CI   P  
Caregiver’s HEI 2005  0.31 0.21 , 0.42 <.0001* 
Caregiver Education Level 
Less than High School 
High School graduate 
Some college or higher 
 
Ref 
0.98 
2.57 
 
Ref 
-2.13 , 4.10 
-1.00 , 6.15 
 
 
 
0.35 
Caregiver age 
Less than 25yrs. 
25-34 
35 yrs. ore more 
 
Ref 
2.07 
2.47 
 
Ref 
-1.30 , 5.45 
-0.87 , 5.81 
 
 
0.30 
Household Income 
Less than $10 000 
≥ $10 000 
 
Ref 
0.08 
 
Ref 
-2.62 , 2.79 
 
0.95 
Caregiver employment 
Yes 
No 
 
Ref 
2.46 
 
Ref 
0.37 , 4.60 
 
0.02* 
 
      
 *Statistically significant 
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Part 2: The association between child HEI 2005 scores and dental caries 
2A. Cross-sectional Analysis for the Association Between Child HEI-2005 Scores at 
Wave I and Caries Experience at Wave I 
Table 11 presents the mean dmfs scores at wave I by baseline background sample 
characteristics of 522 child–caregiver dyads. Caregiver’s age, education and employment 
status were significantly associated with child mean dmfs scores (p = 0.04, 0.03, 0.01 
respectively). Children whose caregivers were 35 years of age or more, or did not attain a 
high-school degree, or were currently unemployed, had higher dmfs scores. In term of 
child characteristics, child’s age, participation in WIC and dental visit history were 
significantly associated with dmfs scores (p = 0.002, 0.02, 0.05 respectively). Our sample 
showed that older children had higher dmfs scores compared to younger children. 
Moreover, higher dmfs scores were found among children who did not participate in 
WIC, and in children who had past dental visit history. 
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Table 11:   Children Weighted dmfs† Scores at Wave I by Background Sample 
Characteristics at W1 (n=522) 
  dmfs†  at WI  
 
Frequency 
(Weighted 
%) 
Weighted Mean ± 
SE 
P 
Child’s Characteristics     
Age 
3 
4 
5 
 
178 (30.6) 
169 (34.1) 
175 (35.3) 
 
4.94   ± 0.82 
8.72   ± 0.77 
11.04 ± 1.40 
 
 
0.002* 
Gender 
Male 
Female 
 
249 (50.4) 
237 (49.6) 
 
8.56 ± 0.99 
8.19 ± 0.69 
 
0.78 
Participation in WIC  
Yes 
No 
 
148 (31.3) 
374 (68.7) 
 
6.32 ± 0.77 
9.31 ± 0.70 
 
0.02* 
Participation in Headstarts 
Yes 
No 
 
136 (26.5) 
386 (73.5) 
 
8.33 ± 1.15 
8.40 ± 0.64 
 
0.95 
 
Child Weight status (weighted %) 
Nonoverweight (BMI < 85%)  
Overweight (85% ≤ BMI < 95%) 
Obese (BMI ≥ 95%) 
 
 
380 (73.5) 
81 (15.7) 
61 (10.7) 
 
 
8.39 ± 0.68 
8.49 ± 1.06 
8.10 ± 2.01 
 
 
 
0.99 
 
History of Asthma Diagnosis 
Yes 
No 
 
 
79 (19.3) 
435 (80.7) 
 
 
7.59 ± 0.74 
8.57 ± 0.55 
 
 
0.26 
Dental insurance 
Yes 
No 
 
 
450 (87.9) 
72 (12.1) 
 
 
8.12   ± 0.46 
10.21 ± 1.86 
 
 
0.27 
Brushing Frequency 
Less than once per day 
Once per day or more 
 
136 (25.9) 
386 (74.1) 
 
8.32 ± 1.13 
8.40 ± 0.56 
 
 
0.95 
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Dental Visit 
Yes 
 No 
 
300 (60.2) 
213 (39.8) 
 
9.48 ± 0.81 
6.78 ± 0.81 
 
 
0.05** 
Family Characteristics     
Caregiver’s Age 
Less than 25yrs. 
25-34 
35 yrs. ore more 
 
125 (25.0) 
260 (51.0) 
137 (24.0) 
 
6.69 ± 0.84 
7.83 ± 0.75 
11.31 ± 1.43 
 
 
0.04* 
Caregiver’s Education level 
Less than High School 
High school graduate 
Some college or higher 
 
243 (46.4) 
163 (30.4) 
116 (23.3) 
 
9.67 ± 0.96 
6.13 ± 0.61 
8.72 ± 1.60 
 
 
0.03* 
Caregiver relationship  
Biological mother  
Biological father  
Grandmother  
Someone else 
 
445 (86.8) 
18 (2.8) 
35 (6.2) 
24 (4.2) 
 
8.35   ± 0.55 
10.27 ± 3.02 
7.18   ± 1.29 
9.36   ± 2.57 
 
 
0.62 
Caregiver’s Employment  
yes 
No 
 
203 (36.5) 
319 (63.4) 
 
6.65 ± 0.67 
9.37 ± 0.70 
 
 
0.01* 
Household Income 
Less than $10 000 
≥ $10 000 
 
234 (45.2) 
288 (54.8) 
 
8.91 ± 0.82 
7.94 ± 0.62 
 
0.50 
Caregiver’s Social support 
Low 
High 
 
202 (38.6) 
320 (61.4) 
 
7.91 ± 0.79 
8.67 ± 0.63 
 
0.45 
Caregiver’s Parental stress 
Low 
High (≥75th %) 
 
384 (71.6) 
138 (28.42) 
 
8.52 ± 0.70 
8.02 ± 1.22 
 
0.75 
Caregiver’s Depressive symptoms 
Low  
High (CESD ≥ 23) 
 
423 (81.7) 
99 (18.3) 
 
8.26 ± 0.49 
8.89 ± 1.21 
 
0.61 
No. of children <18 year in the household  
1  
2  
≥ 3  
 
96 (13.9) 
128 (24.2) 
283 (62.0) 
 
8.82 ± 1.44 
6.44 ± 0.74 
8.94 ± 0.75 
 
 
0.11 
† dmfs= total decayed (cavitated and non cavitated), missing due to caries and filled surfaces.  
*Statistically significant  
** Approached statistical significance 
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Table 12 presents the bivariate association between wave I child mean dtmfs and 
d2mfs scores and child HEI-2005 total and components scores at wave I. Mean dtmfs and 
d2mfs varied significantly according to the quartile of the total HEI score. Children in the 
lowest quartile had significantly higher mean dtmfs and d2mfs scores compared to those 
in the highest quartile (11.02 ± 1.30, p = 0.03; and 7.42 ± 1.20, p = 0.03, respectively). 
On the other hand, none of the components scores were significantly associated with 
dtmfs or d2mfs scores. 
 
Table 12: Children Wave I Weighted Mean dtmfs † and d2mfs ‡ Scores by HEI Total and 
Components Scores at Wave I (n=522) 
 
 dtmfs† d2mfs‡ 
 
Weighted 
Mean ±SE 
P 
Weighted Mean 
±SE 
P 
 
Total HEI 2005 score Quartiles  
Q1 (Highest) 
Q2 
Q3 
Q4 (Lowest) 
 
 
7.26  ± 0.85 
8.42  ± 1.08 
6.95  ± 0.80 
11.02 ± 1.30 
 
 
Ref 
0.29 
0.79 
0.03* 
 
 
3.90 ± 0.75 
4.94 ± 0.81 
3.63 ± 0.64 
7.42 ± 1.20 
 
 
Ref 
0.30 
0.78 
0.03* 
HEI-2005  adequacy components §     
Total Fruit 
High 
Low 
 
7.64 ± 0.62 
9.46 ± 1.03 
 
0.17 
 
4.46 ± 0.55 
5.64 ± 0.89 
 
0.29 
Whole Fruit  
High 
Low 
 
8.34 ± 0.82  
8.42 ± 0.58 
 
 
 
0.94 
 
4.98 ± 0.67 
4.89 ± 0.53 
 
 
 
0.91 
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Total Vegetables  
High 
Low 
 
8.44 ± 0.76 
8.31 ± 0.65 
 
 
 
0.90 
 
 
4.86 ± 0.60 
5.01 ± 0.60 
 
 
 
 
0.85 
Dark Green and Orange Vegetables and 
Legumes  
High 
Low 
 
 
 
8.02 ± 0.82 
8.75 ± 0.79 
 
 
 
 
0.57 
 
 
 
4.59 ± 0.65 
5.29 ± 0.68 
 
 
 
 
0.49 
Total Grains  
High 
Low 
 
8.40 ± 0.98 
8.36 ± 0.69 
 
 
0.98 
 
4.86 ± 0.82 
5.02 ± 0.64 
 
 
0.90 
Whole Grains  
High 
Low 
 
8.45 ± 0.82 
8.31 ± 0.65 
 
 
0.90 
 
5.05 ± 0.68 
4.84 ± 0.60 
 
 
0.82 
Milk  
High 
Low 
 
7.71 ± 0.66 
9.09 ± 0.82 
 
 
0.23 
 
4.41 ± 0.59 
5.50 ± 0.70 
 
 
0.26 
Meat and Beans  
High 
Low 
 
7.95 ± 0.69 
8.84 ± 0.65 
 
 
0.35 
 
4.53 ± 0.56 
5.38 ± 0.55 
 
 
0.25 
Oils  
High 
Low 
 
7.68 ± 0.90 
9.07 ± 0.93 
 
 
0.38 
 
4.25 ± 0.70 
5.62 ± 0.81 
 
 
0.28 
HEI-2005  moderation components ¶     
Saturated Fat 
High 
Low 
 
8.22 ± 0.79 
8.52 ± 0.81 
 
 
0.81 
 
 
4.79 ± 0.67 
5.08 ± 0.73 
 
 
0.79 
Sodium 
High 
Low 
 
8.03 ± 0.64 
8.71 ± 0.86 
 
 
0.56 
 
4.76 ± 0.55 
5.11 ± 0.76 
 
 
0.72 
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SoFAAS 
High 
Low  
 
7.72 ± 0.84 
9.05 ± 0.77 
 
 
0.30 
 
4.21 ± 0.65 
5.69 ± 0.69 
 
 
0.16 
 
† dtmfs: Cavitated and noncavitated surfaces (dt), missing owing to caries (m), filled (f) surfaces (s). 
‡ d2mfs: Cavitated surfaces (d2), missing owing to caries (m), filled (f) surfaces (s). 
*Statistically significant 
§ ‘High’ scores of any HEI-2005 adequacy components (total fruit, whole fruit, total vegetable, dark green 
and orange vegetables and legumes, total grains, whole grains, milk, meat and beans, and oils) indicate 
higher consumption of those components. 
¶ ‘High’ scores of any HEI-2005 moderation components (Saturated Fat, Sodium, SoFAAS) indicate lower 
consumption of  those components. 
 
Tables 13, 14 and 15 present the bivariate and multivariate association between 
child caries experience at wave I, measured by dtmfs and d2mfs, and child HEI-2005 
total score quartiles. This association was analyzed using a negative binomial regression 
model to account for the skewed distribution of decayed, missed and filled surfaces 
among the children.  
The unadjusted prevalence ratios (PR) of children’s dtmfs and d2mfs were 
significantly higher for children in the lowest HEI-2005 quartile compared to those in the 
highest quartile (PR = 1.52, CI =1.05–2.20; PR = 1.90, CI = 1.10–3.29, respectively). The 
child HEI-2005 total score remained significantly related to the prevalence of dtmfs and 
d2mfs (PR = 1.53, CI = 1.05–2.12; PR = 2.18, CI = 1.22–3.90, respectively), after 
controlling for child’s age, brushing frequency, dental visit history, participation in WIC, 
caregiver’s age, education, employment status and household income. Other significant 
indicators for child caries experience at wave I were child age, caregiver age and 
caregiver educational level. Older children had significantly higher prevalence ratios for 
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both dtmfs and d2mfs compared to younger children. Moreover, caregivers aged 35 years 
or older had children with an increased risk of caries experience measured by dtmfs and 
d2mfs (PR = 1.71, CI = 1.24–2.36; PR = 2.26, CI = 1.30–3.95, respectively). Finally, 
caregivers who attained a high-school degree had children with significantly decreased 
risk of d2mfs compared to those with less than high-school education (PR = 0.53, CI = 
0.32–0.87). 
Table 13: PRs† (95% CI) for Child Caries Experience at Wave I according to Child Total 
HEI Quartiles at Wave I (n=522) 
Variables  dtmfs  d2mfs 
 PR† 
 
95% CI PR† 
 
95% CI 
Total HEI 2005 Quartiles      
Q1 (Highest) 0.66 
 
(0.45 , 0.96)* 0.53 
 
(0.40 , 0.91)* 
Q2 0.74 
 
(0.53, 1.11) 0.67 
 
(0.41 , 1.07) 
Q3 
 
0.63 
 
(0.42 , 0.96)* 
 
0.49 
 
(0.28 , 0.97)* 
Q4 (Lowest) Ref 
 
Ref 
 
Ref 
 
Ref 
    †PR: Prevalence ratio *statistically significant 
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Table 14: Multivariate regression model (negative binomial) for Association of Child 
Total Healthy Eating Index to child dtmfs at WI (n=522) 
Variables dtmfs 
 PR† 
 
95 % CI 
Child Characteristics    
 
Total HEI 2005 
Quartiles  
Q1 (Highest) 
Q2 
Q3 
Q4 (Lowest) 
 
 
 
0.65 
0.73 
0.70 
Ref 
 
 
 
  (0.45 , 0.95)* 
(0.48 , 1.12) 
(0.43 , 1.12) 
Ref 
Child age 
3 
4 
5 
 
Ref 
1.73 
1.84 
 
Ref 
(1.24 , 2.43)* 
(1.38 , 2.45)* 
Brushing Frequency 
Less than once per day 
Once per day or more 
 
Ref 
1.18 
 
Ref 
(0.91 , 1.52) 
Dental Visit 
Yes 
No 
Ref 
1.26 
 
Ref 
(0.92 , 1.72) 
Partcipation in WIC Prorgram 
Yes 
No 
Ref 
1.28 
 
Ref 
(0.96 , 1.70) ** 
Family Characteristics     
Household Income 
Less than $10 000 
≥ $10 000 
 
Ref 
0.98 
 
Ref 
(0.79 ,  1.21) 
Caregiver Education 
Less than High School 
High school graduate 
Some college or higher 
 
 
Ref 
0.72 
0.84 
 
 
Ref 
    (0.51  , 1.03)** 
(0.59  , 1.20) 
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Caregiver age 
Less than 25yrs. 
25-34 
35 yrs or more 
 
Ref 
1.10 
1.71 
 
Ref 
(0.83 , 1.46) 
            (1.24 ,  2.36)* 
Employment 
Yes 
No 
 
Ref 
1.26 
 
Ref 
(0.92 , 1.73) 
        †PR: Prevalence ratio  *Statistically significant **Approached statistical significance 
 
Table 15: Multivariate regression model (negative binomial) for Association of Child 
Total Healthy Eating Index to child d2mfs at WI (n=522) 
Variables d2mfs 
 PR† 
 
95% CI 
Child Characteristics    
Total HEI 2005 
Quartiles  
Q1 (Highest) 
Q2 
Q3 
Q4 (Lowest) 
 
 
0.46 
0.62 
0.58 
Ref 
 
 
  (0.26 , 0.82)* 
(0.35 , 1.11) 
(0.30 , 1.15) 
Ref 
Child age 
3 
4 
5 
 
Ref 
1.81 
1.84 
 
Ref 
(1.14 ,  2.88)* 
(1.18 ,  2.87)* 
Brushing Frequency 
Less than once per day 
Once per day or more 
 
Ref 
1.26 
 
Ref 
(0.87 , 1.80) 
Dental Visit 
Yes 
No 
Ref 
1.48 
 
Ref 
(0.98 , 2.24)** 
Partcipation in WIC prorgram 
Yes 
No 
Ref 
1.35 
Ref 
(0.88 ,  2.06) 
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Family Characteristics     
Household Income 
Less than $10 000 
≥ $10 000 
 
Ref 
1.02 
 
Ref 
 (0.73 ,  1.42 ) 
Caregiver education 
Less than High School 
High school graduate 
Some college or higher 
 
Ref 
0.53 
0.77 
 
Ref 
  (0.32  ,  0.87)* 
(0.49  ,  1.20) 
Caregiver age 
Less than 25yrs. 
25-34 
35 yrs or more 
 
Ref 
1.18 
2.26 
 
Ref 
(0.73,  1.90) 
  (1.30,  3.95)* 
Employment 
Yes 
No 
 
Ref 
1.27 
 
Ref 
(0.83 ,  1.94) 
       †PR: Prevalence ratio  *Statistically significant**Approached statistical significance 
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2B. Longitudinal Analysis for the Association Between Child HEI-2005 Scores at Wave I 
and Child Caries Incidence at Wave II 
Table 16 illustrates the association between baseline background sample characteristics 
with child new dmfs increments at wave II, using 393 child–caregiver pairs who 
participated in both waves. Baseline caries experience was the only factor that 
significantly predicted the mean new dmfs increment. Mean new dmfs increment 
increased with increasing numbers of carious surfaces at the baseline (p <0.0001). 
Table 16: Wave I Background Sample Characteristics and Their Association with Child 
New dmfs at WII (n=393) 
 
Frequency 
(Weighted %) 
Weighted new dmfs* 
increment at WII 
 
  
Mean ± SE 
 
P 
Child’s Characteristics     
Age 
3 
4 
5 
 
133 (31.1) 
135 (36.5) 
125 (32.4) 
 
3.40 ± 0.39 
3.00 ± 0.33 
3.07 ± 0.42 
 
0.73 
Gender 
Male 
Female 
 
182 (49.1) 
211 (50.9) 
 
3.19 ± 0.32 
3.10 ± 0.33 
 
0.85 
Participation in WIC  
Yes 
No 
 
118 (33.2) 
275 (66.8) 
 
2.91 ± 0.47 
3.27 ± 0.30 
 
0.55 
Participation in Headstarts 
Yes 
No 
 
107 (28.1) 
286 (71.9) 
 
2.93 ± 0.38 
3.23 ± 0.27 
 
0.52 
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Child Weight Status  
Nonoverweight (BMI < 85%)  
Overweight (85% ≤ BMI < 95%) 
Obese (BMI ≥ 95%) 
 
284 (73.2) 
60 (15.2) 
49 (11.6) 
 
3.31 ± 0.29 
3.01 ± 0.51 
2.30 ± 0.49 
 
0.23 
History of Asthma Diagnosis 
Yes 
No 
 
80   (22.5) 
313 (77.5) 
 
2.74 ± 0.43 
3.27 ± 0.25 
 
0.27 
Dental Insurance 
Yes 
No 
 
340 (88.3) 
53  (11.7) 
 
3.10 ± 0.23 
3.50 ± 0.64 
 
0.54 
Brushing Frequency 
Less than once per day 
Once per day or more 
 
 
104 (26.6) 
289 (73.4) 
 
 
3.31 ± 0.32 
3.09 ± 0.29 
 
 
0.61 
Dental Visit 
Yes 
 No 
 
227 (59.9) 
162 (40.1) 
 
3.05 ± 0.31 
3.33 ± 0.41 
 
0.60 
Baseline Caries 
Non 
1-8 
>8 
 
101 (27.0) 
156 (38.1) 
136 (35.0) 
 
1.37 ± 0.32 
2.41 ± 0.31 
5.32 ± 0.56 
 
<.0001* 
Family Characteristics  
   
Caregiver’s Age 
Less than 25yrs. 
25-34 
35 yrs. ore more 
 
 
97  (25.6) 
193 (50.0) 
103 (24.4) 
 
 
3.18 ± 0.45 
2.86 ± 0.38 
3.71 ± 0.55 
 
 
0.51 
Caregiver’s Education Level 
Less than High School 
High school graduate 
Some college or higher 
 
180 (45.7) 
128 (31.8) 
85 (22.6) 
 
3.30 ± 0.39 
3.17 ± 0.41 
2.81 ± 0.49 
 
0.77 
Caregiver relationship  
Biological mother  
Biological father  
Grandmother  
Someone else 
 
339 (88.3) 
14 (2.8) 
26 (5.8) 
14 (3.1) 
 
3.08 ± 0.25 
3.52 ± 1.19 
3.72 ± 1.02 
3.81 ± 1.32 
 
 
0.89 
Caregiver’s Employment  
yes 
No 
 
151 (35.9) 
242 (64.1) 
 
2.81 ± 0.30 
3.34 ± 0.30 
 
0.22 
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Household Income 
Less than $10 000 
≥ $10 000 
 
176 (45.4) 
217 (54.6) 
 
2.83 ± 0.28 
3.42 ± 0.39 
 
0.18 
Caregiver’s Social Support 
Low 
High 
 
144 (38.1) 
249 (61.9) 
 
2.91 ± 0.29 
3.30 ± 0.29 
 
0.29 
Caregiver’s Parental Stress 
Low 
High (≥75th %) 
 
 
281 (70.1) 
112 (29.9) 
 
 
3.21 ± 0.28 
3.01 ± 0.42 
 
 
0.85 
Caregiver’s Depressive Symptoms 
Low  
High (CESD ≥ 23) 
 
315 (80.3) 
78 (19.7) 
 
3.11 ± 0.26 
3.32 ± 0.34 
 
0.57 
No. of Children <18 Yr in the Household 
1  
2  
≥ 3  
 
66  (12.1) 
100 (24.8) 
213 (63.1) 
 
2.98 ± 0.37 
3.17 ± 0.41 
3.02 ± 0.29 
 
 
0.86 
*New dmfs= total decayed (cavitated and non cavitated), missing due to caries and filled surfaces.  
*Statistically significant 
 
Table 17 presents the incidence rate ratio for child caries experience at wave II, 
measured by dtmfs and d2mfs, according to child total HEI quartiles at wave I. Children 
in the lowest quartile had a 1.17 times greater risk of developing new dtmfs, and a 1.22 
times greater risk of developing new d2mfs, compared to those in the highest quartile. 
However, this finding did not reach statistical significance at the ɑ = 0.05 level. 
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Table 17: IRRs (95% CI) for Child Caries incidence at Wave II according to Child Total 
HEI Quartiles at Wave I (n=393) 
Variables New dtmfs New d2mfs 
Total HEI 2005 Quartiles  IRR 95% CI IRR 95% CI 
Q1 (Highest) Ref Ref Ref Ref 
Q2 1.02 
 
(0.73 , 1.45) 
 
1.16 
 
(0.76 , 1.80) 
Q3 
 
0.89 
(0.55 , 1.44) 0.83 (0.46 , 1.49) 
Q4 (Lowest) 1.17 (0.79 , 1.73) 1.22 (0.71 , 2.10) 
 
Table 18 illustrates the outcome of the negative binomial model for child caries 
incidence (new dtmfs) at wave II according to child HEI-2005 total score quartile at wave 
I adjustment for child age, brushing frequency, dental visits, baseline caries, household 
income and caregiver education. Adjusted incidence rate ratios were higher for children 
in the lowest HEI quartile compared to those in the highest quartile (IRR = 1.29, CI = 
0.85–1.95). However, this finding was not statistically significant at the ɑ = 0.05 level. 
Baseline caries experience was significantly related to child caries incidence. Children 
with 1 to 8 carious surfaces at the baseline had a 1.86 times greater risk of developing 
new dtmfs compared to those with no previous caries experience at the baseline. Children 
with more than 8 carious surfaces at wave I had a 4.52 times greater risk of developing 
new dtmfs compared to those with no previous caries experience. 
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Table 18: Adjusted IRRs (95% CI) for Child Caries incidence (new dtmfs) at Wave II 
according to Child Total HEI Quartiles at Wave I (n=393) 
Variables New dtmfs 
 IRR 95% CI 
Child Characteristics    
Total HEI 2005 
Quartiles  
Q1 (Highest) 
Q2 
Q3 
Q4 (Lowest) 
 
 
Ref 
0.88 
1.02 
1.29 
 
 
Ref 
(0.62 , 1.27) 
(0.64 , 1.64) 
(0.85 , 1.95) 
Child age 
3 
4 
5 
 
Ref 
0.73 
0.65 
 
 
Ref 
 (0.51 , 1.03) 
(0.44 , 0.98) 
Brushing Frequency 
Less than once per day 
Once per day or more 
 
Ref 
0.89 
 
 
Ref 
(0.64 , 1.23) 
Dental Visit 
Yes 
No 
 
Ref 
1.02 
 
 
Ref 
(0.74 , 1.40) 
 
Baseline Caries 
Non 
1-8 
>8 
 
Ref 
1.86 
4.52 
 
 
Ref 
(1.10 , 3.16 )* 
(2.63 , 7.76)* 
 
Family Characteristics     
Household Income 
Less than $10 000 
≥ $10 000 
 
Ref 
1.33 
 
Ref 
(0.95 , 1.86) 
Caregiver education 
Less than High School 
High school graduate 
Some college or higher 
 
Ref 
1.06 
0.83 
 
Ref 
(0.74 , 1.51) 
(0.56 , 1.22) 
       *Statistically significant 
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Table 19 presents the adjusted incidence rate ratio for child caries incidence, 
measured by new d2mfs at wave II, according to child total HEI quartiles at wave I. 
Although children in the lowest HEI quartile had higher risk of developing new d2mfs 
compared to those in the highest quartile, this finding did not reach significance at the ɑ = 
0.05 level. Children who were 4 years old at the baseline had significantly lower risk of 
developing new d2mfs compared to those at 3 years of age. (IRR = 0.56, CI = 0.33–0.96). 
Moreover, baseline caries experience was significantly associated with child caries 
incidence (new d2mfs). Children with 1 to 8 carious surfaces at the baseline had a 4.10 
times greater risk of developing new d2mfs compared to those with no previous caries 
experience at wave II (CI = 1.88–8.89). Children with more than 8 carious surfaces at 
wave I had a 10.57 times greater risk of developing new dtmfs compared to those with no 
carious surfaces (CI = 4.71–23.71). 
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Table 19: Adjusted IRRs (95% CI) for Child Caries incidence (new d2mfs) at Wave II 
according to Child Total HEI Quartiles at Wave I (n=393) 
Variables New d2mfs 
 IRR 95% CI 
Child Characteristics    
Total HEI 2005 
Quartiles  
Q1 (Highest) 
Q2 
Q3 
Q4 (Lowest) 
 
 
Ref 
1.05 
1.11 
1.40 
 
 
Ref 
(0.69 , 1.59) 
(0.59 , 2.12) 
(0.82 , 2.39) 
Child age 
3 
4 
5 
 
Ref 
0.56 
0.62 
 
Ref 
(0.33 , 0.96)* 
(0.33 , 1.15) 
Brushing Frequency 
Less than once per day 
Once per day or more 
 
Ref 
0.73 
 
Ref 
(0.46 , 1.17) 
Dental Visit 
Yes 
No 
 
Ref 
1.07 
 
Ref 
(0.72 , 1.60) 
Baseline Caries 
Non 
1-8 
>8 
 
Ref 
4.10 
10.57 
 
Ref 
(1.88 , 8.89)* 
(4.71 , 23.71)* 
Family Characteristics     
Household Income 
Less than $10 000 
≥ $10 000 
 
Ref 
1.38 
 
Ref 
(0.91, 2.11) 
Caregiver education 
Less than High School 
High school graduate 
Some college or higher 
 
 
Ref 
0.94 
0.83 
 
 
 
Ref 
(0.60 , 1.49) 
(0.50 , 1.39) 
 
       *Statistically significant 
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2C. Longitudinal Analysis for the Association Between Change in Child HEI Scores 
Between Wave I and Wave II, and Child Caries Incidence at Wave II 
Table 20 presents the results of a bivariate analysis of the association between 
longitudinal child’s diet change categories and baseline background sample 
characteristics. There was no statistical significant difference between the diet-change 
categories with regard to child and caregiver characteristics, except for the caregiver 
depressive symptoms and caregiver’s  HEI-2005 total score (p = 0.03, p < 0.0001, 
respectively). Caregivers with high depressive symptoms represented 28% of caregivers 
in the low–low diet-change category compared to 15.7% of caregivers with high 
depressive symptoms in the high–high diet-change category. The highest mean HEI score 
for the caregiver was found in the high–high diet-change category (mean ± SE = 63.8 ± 
0.8); and the lowest was found in the low–low category (mean± SE = 51.21 ± 1.1). 
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Table 20: Association between Child Diet Change Categories and Covariates ‡ (N=393) 
 
Variables 
 
High-High \\ 
 
N  
(weighted %) 
(n=85 ) 
 
Improved ¶ 
 
N  
(weighted %) 
(n=62 ) 
 
Middle-
Middle # 
N  
(weighted %) 
(n=98) 
 
Deteriorate† 
 
N  
(weighted %) 
(n=65 ) 
 
Low-Low§ 
 
N  
(weighted %) 
(n=92 ) 
 
P 
 
Child Age 
3 
4 
5 
 
 
 
29 (18.5) 
25 (18.2) 
31 (22.3) 
 
 
18 (22.2) 
20 (18.4) 
24 (20.9) 
 
 
29 (19.7) 
33 (25.3) 
27 (19.8) 
 
 
26(19.2) 
20 (14.8) 
19 (16.8) 
 
 
31 (20.4) 
37 (23.3) 
24 (20.2) 
 
 
0.97 
 
Child Gender 
Male  
Female 
 
 
 
36 (18.4) 
49 (20.7) 
 
 
26 (21.1) 
36 (19.6) 
 
 
47 (26.1) 
42 (17.7) 
 
 
31 (14.6) 
34 (18.9) 
 
 
42 (19.7) 
50 (23.1) 
 
 
0.49 
 
Child Weight status  
 
Nonoverweight  
Overweight  
Obese  
 
 
 
58 (19.6) 
11 (14.9) 
16 (25.6) 
 
 
 
 
47 (19.8) 
10 (27.1) 
5 (15.5) 
 
 
 
63 (21.3) 
13 (17.8) 
13 (30.0)  
 
 
 
53 (19.1) 
9 (13.3) 
3 (7.1) 
 
 
 
63 (20.3) 
17 (26.9) 
12 (21.5) 
 
 
 
 
0.52 
 
Participation in WIC  
Yes 
No 
 
 
25 (21.7) 
60 (18.8) 
 
 
20 (22.4) 
42 (19.4) 
 
 
 
31 (24.8) 
58 (20.3) 
 
 
19 (14.3) 
46 (18.0) 
 
 
23 (17.3) 
69 (23.4) 
 
 
0.77 
 
Participation in 
Headstart  
Yes 
No 
 
 
 
26 (22.3) 
59 (18.6) 
 
 
 
10 (11.5) 
52 (23.8) 
 
 
 
27 (27.0) 
62 (19.8) 
 
 
 
17 (17.2) 
48 (16.6) 
 
 
 
27 (22.0) 
65 (21.2) 
 
 
 
0.18 
Caregiver’s Education 
Level 
Less than High School 
High School graduate 
Some college or higher 
 
 
31 (15.9) 
30 (20.6) 
24 (25.8) 
 
 
31 (21.9) 
18 (16.6) 
13 (22.7) 
 
 
39 (19.2) 
33 ( 26.7) 
17 (20.1) 
 
 
32 (18.4) 
18 (15.0) 
15 (16.1) 
 
 
47 (24.6) 
29 (21.1) 
16 (14.0) 
 
 
 
0.71 
 
Caregiver’s 
Employment 
Yes  
No 
 
 
 
36 (21.5) 
49 (11.9) 
 
 
 
17 (13.2) 
45 (24.4) 
 
 
 
30 (23.7) 
59 (20.7) 
 
 
 
28 (18.2) 
37 (16.0) 
 
 
 
40 (23.3) 
52 (20.3) 
 
 
 
0.23 
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Caregiver’s age 
Less than 25yrs. 
25-34 
35 yrs. ore more 
 
 
14 (14.3) 
41(19.0) 
30 (26.4) 
 
14 (22.4) 
35 (22.0) 
13 (14.8) 
 
19 (17.2) 
45 (21.3) 
25 (27.8) 
 
21 (21.0) 
26 (15.1) 
18 (15.9) 
 
29 (25.0) 
46 (22.6) 
17 (15.1) 
 
 
0.31 
 
Social support 
Low 
High 
 
 
30 (17.4) 
55 (20.9) 
 
21 (18.4) 
41 (21.6) 
 
26 (19.1) 
63 (23.5) 
 
25 (19.3) 
40 (15.2) 
 
42 (25.7) 
50 (18.7) 
 
0.51 
Parental stress 
Low 
High (≥75th %) 
 
 
60 (18.5) 
25 (22.3) 
 
45 (20.5) 
17 (20.0) 
 
65 (22.4) 
24 (20.4) 
 
47 (17.5) 
18 (15.2) 
 
64 (21.1) 
28 (22.1) 
 
0.93 
 
Depressive symptoms 
Low  
High (CESD ≥ 23) 
 
 
 
70 (20.6) 
15 (15.7) 
 
 
49 (19.8) 
13 (22.5) 
 
 
79 (25.0) 
10 (8.8) 
 
 
46 (14.8) 
19 (25.0) 
 
 
71 (19.8) 
21 (28.0) 
 
 
0.03* 
 
Household Income  
Less than $10 000 
≥ $10 000 
 
 
31 (16.2) 
54 (22.5) 
 
33 (25.8) 
29 (15.9) 
 
36 (17.3) 
53 (25.5) 
 
28 (17.2) 
37 (16.5) 
 
48 (23.5) 
44 (19.6) 
 
0.08 
 
Caregiver’s total HEI 
score (mean ± SE) 
 
 
63.8 ±0.8 
 
 
56.9±1.3 
 
 
59.8±0.7 
 
 
59.2±1.2 
 
 
51.2±1.1 
 
 
<.001* 
\\ High-high: High HEI-2005 total score at wave I and wave II. 
¶ Improved: including low HEI-2005 at wave I and middle HEI-2005 at wave II , low HEI-2005 at wave I 
and high HEI-2005 at wave II or middle HEI-2005 at wave I and high HEI-2005 at wave II 
# Middle-middle:  High HEI-2005 total score at wave I and low HEI-2005 total score at wave II. 
† Deteriorate: including high HEI-2005 at wave I and middle HEI-2005 at wave II, high HEI-2005 at wave 
I and low HEI-2005 at wave II or middle HEI-2005 at wave I and low HEI-2005 at wave II. 
§ Low-low: Low HEI-2005 total score at wave I and wave II. 
‡ Baseline covariates 
*Statistically significant 
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Tables 21, 22 and 23 present the results of  the bivariate and multivariate analyses 
for the association between child caries incidence at wave II and the longitudinal child 
diet-change categories, which were analyzed using negative binomial regression models.  
The unadjusted incidence rate ratios for children’s dtmfs and d2mfs (Table 21) were 
lower among children in the high-high and improved categories compared to the low–low 
category. However, only those who were in the improved diet change category showed 
statistically significant difference in the new dtmfs scores compared to those in low-low 
category ( CI= 0.48 - 0.95).  
 
Table 21: IRRs (95% CI) for Child Caries incidence at Wave II according to Child Diet 
Change Categories (N=393) 
Variables New dtmfs New d2mfs 
 IRR 95% CI IRR 95% CI 
Child HEI change 
category 
 
   
High-High 0.78 (0.46 , 1.32) 0.77 (0.37 , 1.60) 
Improved 0.67 
 
(0.48 , 0.95)* 
 
0.72 
 
(0.48 , 1.10) 
Middle-middle 
 
1.07 
 
(0.81 , 1.42) 
 
1.01 
 
(0.73 , 1.40) 
Deteriorate 0.95 
 
(0.61, 1.46) 
 
1.01 
 
(0.60. 1.72) 
Low-Low Ref 
 
Ref Ref 
 
Ref 
      *Statistically significant 
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The multivariate negative binomial model for child caries incidence, measured by 
new dtmfs, (Table 22) found that child diet-change categories, child age and baseline 
caries experience were significantly related to the incidence rate ratio of new dtmfs after 
controlling for brushing frequency, dental visit history, education, and household income. 
Children in the high-high and the improved diet change categories had significantly lower 
risk of developing new dtmfs compared to those in the low–low diet category (IRR = 
0.59  and 0.55, respectively) (CI = 0.36-0.96 and 0.35-0.86 , respectively). Additionally, 
baseline caries experience was significantly associated with the child caries incidence.  
Children with 1 to 8 carious surfaces at the baseline had a 1.84 times greater risk of 
developing new dtmfs compared to those with no previous caries experience at the 
baseline (CI = 1.12 - 3.02). Children with more than 8 carious surfaces at wave I had a 
4.68  times greater risk of developing new dtmfs compared to those with no previous 
caries experience at wave I (CI = 2.81-7.80). 
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Table 22: Adjusted IRRs (95% CI) for Child Caries incidence (new dtmfs) at Wave II 
according to Child Diet Change Categories (N=393) 
Variables 
New dtmfs 
 IRR 95% CI 
Child Characteristics    
 
Child HEI change category  
High-High 
Improved 
Middle-middle 
Deteriorate  
Low-Low 
 
 
0.59 
0.55 
0.86 
0.75 
Ref 
 
 
(0.36 , 0.96)* 
 (0.35 , 0.86)* 
(0.60 , 1.24) 
(0.44 , 1.28) 
Ref 
Child age 
3 
4 
5 
 
Ref 
0.69 
0.66 
 
Ref 
(0.48 , 0.98)* 
(0.45 , 0.97)* 
Brushing Frequency 
Less than once per day 
Once per day or more 
 
Ref 
0.87 
 
Ref 
(0.63 , 1.20) 
Dental Visit 
Yes 
No 
 
Ref 
0.96 
 
Ref 
 (0.68 , 1.37) 
Baseline Caries 
Non 
1-8 
>8 
 
Ref 
1.84 
4.68 
 
Ref 
(1.12 , 3.02)* 
(2.81 , 7.80)* 
Family Characteristics     
Household Income 
Less than $10 000 
≥ $10 000 
 
Ref 
1.24 
 
Ref 
(0.92 , 1.68) 
Caregiver education 
Less than High School 
High school graduate 
Some college or higher 
 
 
Ref 
1.05 
0.92 
 
 
 
Ref 
(0.74 , 1.51) 
(0.63 , 1.34) 
        *Statistically significant  
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Table 23 presents the adjusted incidence rate ratios for child caries incidence, 
measured by new d2mfs at wave II, according to child diet-change categories. Children in 
the high-high and the improved diet change categories had  lower risk of developing new 
d2mfs compared to those in the low–low diet category (IRR = 0.56). However none of 
these associations were statistically significant (CI= 0.28-1.12 and 0.29-1.05, 
respectively).  
Baseline caries experience was significantly associated with the child caries 
incidence. Children with 1 to 8 carious surfaces at the baseline had a 4.34 times greater 
risk of developing new d2mfs compared to those with no previous caries experience at 
wave 1 (CI = 1.36–13.80). Children with more than 8 carious surfaces at wave 1 had 
11.75 times greater risk of developing new d2mfs compared to those with no carious 
surfaces at the baseline (CI = 3.62–38.07). 
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Table 23: Adjusted IRRs (95% CI) for Child Caries incidence (new d2mfs) at Wave II 
according to Child Diet Change Categories (N=393) 
Variables New d2mfs 
 IRR 
 
95% CI 
Child Characteristics    
Child HEI change category  
High-High 
Improved 
Middle-middle 
Deteriorate  
Low-Low 
 
0.56 
0.56 
0.80 
0.73 
Ref 
 
 (0.28 , 1.12) 
 (0.29 , 1.05) 
(0.42 , 1.53) 
(0.39 , 1.37) 
Ref 
Child age 
3 
4 
5 
 
Ref 
0.55 
0.64 
 
Ref 
(0.32 , 0.94) 
(0.34 , 1.18) 
Brushing Frequency 
Less than once per day 
Once per day or more 
 
Ref 
0.70 
 
  Ref 
(0.44 , 1.11) 
Dental Visit 
Yes 
No 
 
Ref 
1.01 
 
Ref 
 ( 0.67 , 1.53 ) 
Baseline Caries 
Non 
1-8 
>8 
 
Ref 
3.96 
10.94 
 
Ref 
(1.84 , 8.51)* 
(5.24 , 22.87)* 
Family Characteristics     
Household Income 
Less than $10 000 
≥ $10 000 
 
Ref 
1.32 
 
Ref 
(0.89 , 1.93) 
Caregiver education 
Less than High School 
High school graduate 
Some college or higher 
 
Ref  
0.94 
0.94 
 
Ref 
(0.59 , 1.50) 
(0.57 , 1.54) 
        *Statistically significant   
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CHAPTER V: DISCUSSION  
 
Part 1: The Association between Diet Quality of Children and Caregivers  
The overall purpose of the first part of this dissertation was to evaluate the diet quality of 
children and caregivers as measured by Healthy Eating Index 2005, to examine the 
association between diet quality of caregivers and children, and to determine predictors 
of child’s diet quality. 
1 A: Children Diet Quality 
According to USDA’s Center for Nutrition Policy and Promotion, a HEI-2005 total score 
of 81-100 is denoted as “good”, a score of 51-80 is denoted as “needs improvement” and 
a score of ≤ 50 is considered as “poor”(Guenther, Patricia M 2008). 
Among this sample of low income African American children, none was found to 
have a “good” diet quality in wave I and only one child had a “good” diet quality at wave 
II. The average HEI-2005 total score was 56 at baseline for the cross-sectional sample of 
children (n=522) and 57.4 for the longitudinal sample (n=393), which qualified their diets 
as "needs improvement". These scores were lower than the national average score of 68 
for 4-6 years old children who participated in the USDA Continuing Survey of Food 
Intakes by Individuals. Also, that study showed higher prevalence of children with 
“good” diet quality (17%) compared to our study (Lino, M., Gerriro, S. A 1999).  In a 
more recent study, Laster et al investigated the diet quality of 2-5 years old children. In 
that study, the children average total HEI score was found to be higher (mean HEI-2005= 
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68) than children of our study. Additionally, that study had higher proportion of children 
with “good” diet quality (11%). (Laster, Leigh Ellen R 2013). The higher average HEI 
and proportion of children with “good” quality diet in Laster et al study could be related 
to the fact that the participants in their study were from more ethnic diverse (79% whites 
and 21% black) and higher income population compared to participants of our study.  
In general, African American children in this study did not meet the 
recommendations for any of HEI-2005 components.  Children had the lowest adherence 
to recommendations to total vegetables, dark green and orange vegetables and legumes, 
whole grains, oils, sodium and saturated fat components. This result is consistent with a 
previous study which found that the average vegetables and whole grains scores were 
extremely low specifically among the low-income children similar to participants in our 
sample (Guenther, Patricia M 2008). 
Children in our study consumed more fruits than vegetables with 60% adherence 
for total fruit and 2% adherence for total vegetable. This finding is consistent with many 
other studies reported higher children consumption of fruit compared to vegetable 
(Mushi-Brunt, Christina 2007; Kranz, Sibylle 2009; Coulthard, Helen 2009). A possible 
explanation to this finding is that children usually show lower taste preference for 
vegetables than for fruits (Molaison, Elaine Fontenot 2005). The taste of foods, and 
whether we like their flavors, is one of the important determinants of food choices 
(Prescott, J 1997; Gibson, EL 1998). This explains why vegetables which naturally lack 
sweetness and bitter, are one of the most rejected foods, especially among children. Also, 
Food neophobia is very common among preschool-aged children and might be related to 
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their low vegetables consumption (Cooke,L. 2006). Other than taste preference, home 
availability of vegetables has been linked to improved children's intakes (Bryant, Maria 
2011). The availability of certain food or nutrient at home is usually determined by 
parents or caregivers. Caregivers in this sample showed low adherence for total vegetable 
intake (5%), which could explain the very low adherence of vegetables intake among 
their children. The low adherence to vegetable intake among those young children is 
problematic. High dietary quality in childhood, specifically diets rich in vegetables, has 
been shown to reduce risk of cardiovascular diseases in adulthood (Kaikkonen, Jari E 
2014). 
Additionally, compared to children in other samples (Vollmer, Rachel L 2015; 14 
Guenther, Patricia M 2008; Laster, Leigh Ellen R 2013), children in our study had lower 
adherence to Milk component of HEI-2005 with 14 % and 17 % adherence at wave I and 
wave II, respectively. This could be also related to very low consumption of milk among 
the caregivers in this sample with 3 % adherence, which again highlights the role of 
parental modeling.  Caregivers could encourage consumption of these important nutrients 
by consuming them themselves (Wroten, Kathryn C 2012). 
Surprisingly, Adherence to recommendations for energy from solid fats and 
Added Sugar were greater than expected for both children and caregivers. In our sample, 
45% of children at wave I and 54% of children at wave II and 43% or caregivers met the 
recommendation for SoFAAS. Both Laster et al and Fungwe et al. reported lower 
adherence of children in their sample to the dietary recommendations for Energy from 
solid fats and Added Sugar (Guenther, Patricia M 2008; Laster, Leigh Ellen R 2013). 
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The results, altogether, indicate that the diet quality of children in this sample 
needs improvement. Particularly, children need to increase the intake of vegetables, milk, 
whole grains and oils and decrease their daily intake of sodium and saturated fat. The low 
adherence to dietary guidelines among children of this sample might be explained in part 
by the deep poverty status of their families and also by the characteristics of the 
community they live in.  Findings from previous study indicated that the most common 
barrier for healthy food consumption is the cost of healthy foods (Acheampong et al., 
2013). Additionally, poor neighborhoods are usually deficient in full-service grocery 
stores and farmers’ markets where people can buy high-quality and nutrient dense food 
(Beaulac et al., 2009; Larson et al., 2009; Bell et al., 2013). When available, healthy 
food– specially fresh produce – is usually of lower quality in poor neighborhoods, which 
reduces their appeal to shoppers (Andreyeva et al., 2008; Evans et al., 2015). 
Furthermore, low-income communities have higher fast food restaurants availability 
compared to higher income communities (Fleischhacker et al., 2011; Hilmers et al., 2012; 
Kestens & Daniels, 2010). These restaurants usually serve nutrient-poor and energy-
dense foods at low prices. Therefore, efforts aiming to improving diet quality among this 
disadvantaged population should follow a comprehensive approach by taking individual- 
and environmental-level initiatives aimed at promoting healthy eating behaviors while 
taking in consideration the affordability and the availability of healthy foods in their 
neighborhood.   
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1 B: Factors Associated with Child Diet Quality: 
At both wave I and wave II of this study, after controlling for multiple covariates, 
caregiver’s diet quality was the most significant factor related to child diet quality. This 
result is in agreement with previous cross-sectional studies using the HEI-2005, which 
found a significant, positive association between caregiver-child diet quality (Beydoun, 
May A 2009;  Laster, Leigh Ellen R 2013).  Findings from our study extend these results 
by confirming the positive association between caregivers’ and children’s diet quality 
both cross-sectional and longitudinally. These findings indicate that caregivers play an 
important role in determining dietary quality and food preferences among their children. 
Children's food preference may be influenced by observing their caregivers eat these 
foods. A study by Harper et al observed that toddlers tend to try similar foods as their 
mothers rather than those consumed by strangers (Harper, Lawrence V 1975). 
Additionally, caregivers can control the availability and accessibility of certain foods at 
home which may influence children’s intake (Jones, Louise R 2010). 
Additionally, our results showed that caregivers employment status at wave I was 
significantly related to child diet quality at wave II, after controlling for all other 
confounders. In this longitudinal analysis unemployed caregivers found to have children 
with higher diet quality. Similar findings were evidenced in previous study examined the 
impact of maternal employment on child diet quality (Crepinsek, Mary Kay 2004).This 
study found that children of full-time employed mothers had less positive nutrition 
outcomes compared to children of unemployed mothers. This finding would be explained 
 96 
 
 
by the fact that working caregivers may have less time available to prepare their kids 
meals, which may lead to increase children's consumption of food from away-from-home 
sources. Away-from-home foods are known to be higher in fat and sodium and lower in 
important nutrient such as fibers compared to foods cooked at home (Lin, Diet By Biing-
Hwan 1999). 
Although differences were not statistically significant, some trends are worth 
noting. In this study, caregivers’ age was found to be related to children's diet quality. 
Children of caregivers older than 35 years found to have higher total diet quality score 
compared to children of younger caregivers. This finding was consistent with previous 
study which showed significant association of healthy diet pattern with increased 
caregivers’ age (Taveras, Elsie M 2006). 
Moreover, higher caregivers’ education was associated with higher diet quality 
scores among children of this study. This association was observed in many previous 
studies (Goodwin, Debra K 2006; Ziegler, Paula 2006; Laster, Leigh Ellen R 2013).In 
one study,  higher caregiver’s education  was associated with several positive child-
feeding behaviors such as  increased fruits consumption, low intake of  sugar sweetened 
beverages and sweet snacks such as; desserts and candy (34 Ziegler, Paula 2006).  It is 
likely that higher caregiver’s education was related to improved diet quality through 
better nutritional knowledge, as well as greater health consciousness regarding food 
choices (North,K. 2000). 
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Among our sample, household income had little effect on child diet quality, 
although diet quality was slightly higher in children from higher income families. This 
finding is inconsistent with previous studies which found household income to be 
significantly related to child diet quality ( Laster, Leigh Ellen R 2013). The difference 
between the result of our study and previous studies could be related to the fact that all 
the participants in our study were from similar socioeconomic strata; therefore, potential 
impact of household income on child diet quality was not clear in our study.  
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Part 2: The Association between Child HEI 2005 Scores and Dental Caries  
The overall purpose of this portion of the study was to investigate the association 
between child diet quality and dental caries experience.  First we examined association 
between child total diet quality scores at wave I with dental caries experience at wave I 
and caries incidence at wave II. Additionally, we evaluated the association between 
changes in child total diet quality scores over two years with caries incidence risk. We 
investigated also the association between healthy eating index individual component 
scores with child caries experience. Discussion of the main finding, possible explanations 
for these findings as well as comparison to other studies will be presented.   
2 A: Total Diet Quality Scores and Dental Caries 
To our knowledge, this is the first study to investigate the cross sectional and longitudinal 
associations between diet quality, as evaluated by HEI-2005 scores, on caries experience 
in cohort of low-income African-American preschool children.  
At baseline, we found that total diet quality scores were significantly associated 
with dmfs and d2mfs scores. This finding is in agreements with a previous study using 
data from NHANES III (1988–1994) in which 2- 5 years old children who reported 
adherence to general healthy eating guidelines had a reduced risk of developing severe 
early childhood caries (Nunn,M.E. 2009).A more recent study found that those children 
with early childhood caries as well as severe early childhood caries had significantly 
lower total HEI-2005 scores compared to caries free children (Zaki, Nadine AA 2015). 
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Unlike the baseline association, we found that the association between the wave I 
total diet quality scores and caries incidence measured at wave II were not significant. 
One study have attempted to investigate the same association but, in adult population 
(Kaye, Elizabeth K 2015). In contrast to our findings, this study reported a significant 
association between healthy dietary pattern and low root caries increment in a cohort of 
older men. The lack of association in our study might be related to change in diet quality 
among children through the study period.  The first five years of child life are a time of 
rapid change. Preschool children diet and food preferences change in important ways 
during this time. A child with high quality diet at baseline might develop poor dietary 
habits as he get older and the opposite is true. Therefore, analysis without taking in 
consideration diet change is limited.  
To appropriately examine the association of preschool children diet quality and 
the risk of development of new caries lesion, we attempted to develop four diet quality 
change patterns between the baseline and the follow-up. We then investigated the effect 
of the child total diet quality changes on caries incidence at wave II. Our results suggests 
that changes in child dietary quality might play an important role in caries etiology. 
Children who had high diet quality scores at wave I and II or their overall diet quality 
improved from wave I to wave II had significantly lower caries incidence compared to 
those with low diet quality scores at both waves, after controlling for child age, dental 
visits, brushing frequency, caregiver’s education and household income.  
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2 B: HEI-2005 Component Scores and Dental Caries 
HEI-2005 is composed of 12 dietary components. Each component has a score value 
which provide valuable information in regards to the adequacy and moderation of 
person’s diet. Lower score corresponds to decrease consumption of each component 
except for sodium, saturated fat and SoFAAS which corresponds to higher consumptions 
(Guenther, Patricia M 2007). Our study took into consideration a potential relationship 
between components scores and child caries experience measured by mean dtmfs and 
d2mfs.  
Although none of the HEI-2005 components were significantly associated with 
caries among children of this sample, it was still obvious that the mean dmfs scores were 
highest for those who had lower scores of total fruits, milk, meats and beans, oils and 
SoFAAS components of the HEI-2005. Indicating that characteristics of individual 
nutrients in these dietary components may have an impact on a child caries experience. 
Milk: 
Milk component of the HEI-2005 includes all dairy products such as fluid milk, yogurt, 
cheese, and fortified soy beverages (Guenther, Patricia M 2007). The cariostatic effect of 
dairy products have been reported in many studies in the literature (Ahola, AJ 2002; 41 
Kashket,S. 2002; Jensen,M.E. 1990). Milk and cheese have been shown to have the 
ability to render the plaque acidity, facilitates the remineralization process ( Gedalia, I 
1991) and inhibits the demineralization process (Jensen,M.E. 1990). 
Total Fruits: 
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Among this sample, increased total fruit consumption has been associated with lower 
caries experience. Several possible mechanisms may explain this finding. Fruits contain 
phytate and phosphate which may enhance the remineralization process.  It also contains 
polyphenols which may reduce the plaque formation and interfere with the acid 
production (Touger-Decker,R. 2003). Moreover, fibrous food such as fruits stimulate 
saliva secretion, thus increase the buffering capacity (Moynihan, Paula J 1995). 
 
  
Interestingly, in our study, we found that higher intake of total fruit component of 
HEI-2005 showed more protective effect than whole fruit component. The main 
difference between the two components is that total fruit component includes 100% fruit 
juices.  An explanation of this finding could be that children who were given 100%  fruit 
juice have more health conscious caregivers who tried to displace added sugar drinks 
with more healthy alternative, total fruit juice (Kolker, Justine L 2007). Kolker and 
colleagues conducted a cross-sectional study using the same population in our study. 
They found that the intake of 100% fruit juice was associated with low caries prevalence 
and caries severity (Kolker, Justine L 2007). In their follow-up study, Lim et al. found 
that children who consumed more milk and fruit juicy, relative to soft drinks, had lower 
risk of developing dental caries (Lim, Sungwoo 2008). Sugars in 100% fruit juice are 
mainly glucose and fructose. However, added sugar drinks have greater amount of high 
fructose corn syrup that may lead to increased quantity of sugars within the drink 
(Kolker, Justine L 2007).  
Meats and beans: 
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The results of this study showed that ‘meat and beans’ component might have a 
protective role against dental caries. The protective effect of meat and beans have been 
shown in previous study ( Zaki, Nadine AA 2015). Children who consume meat more 
frequently, have been shown to consume less cariogenic food and snacks which indicates 
healthy diet. Moreover, meat produces urea when it breakdowns. Urea in addition to nuts 
(which are also included in ‘meat and beans’ component) work as a buffering agents and 
neutralize the pH in the oral cavity after the consumption of cariogenic foods (Zaki, 
Nadine AA 2015;  Busscher,H.J. 1992). 
Oils: 
The “Oils” component includes nonhydrogenated vegetable oils (such as sunflower, corn, 
canola, soybean, and olive oils) and oils in fish, nuts, and seeds. Our results showed 
possible protective role of oils against dental caries. A few attempts were undertaken to 
investigate the effects of oils on dental caries (Pretty, IA 2003; Green, RM 1966; 
Gustafsson, Bengt E 1953).
 
Two in vitro studies have shown that vegetable oil-based 
products can inhibit the adhesion and total count of S. mutans (Green, RM 1966; Pretty, 
IA 2003). Another study examined the effect of dietary lipids on caries incidence among 
rats. This study found that adding 5 % of groundnut oil to a cariogenic diet of rats 
reduced caries incidence significantly (Gustafsson, Bengt E 1953). 
SoFAAS: 
The ‘SoFAAS component’ includes calories derived from alcohol, added sugar and solid 
fat (Guenther, Patricia M 2007). This component may shed the light on child overall 
sugar intake as it includes all sugars that are ingredients in prepared and process food as 
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well as table sugar. The association between sugars and dental caries have been reported 
in many cross-sectional and longitudinal studies in the literature (Sheiham, Aubrey 2001; 
Fejerskov, Ole 2009). Diet rich in sucrose accelerates the growth rate of many oral 
bacteria, alters the composition of the oral microflora and therefore; increases the 
likelihood of caries development (Lim, Sungwoo 2009). 
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Limitations and Strengths 
There are some limitations of this study. First, the diets of children were reported 
by their caregivers. Caregivers might not be capable to track their children food 
consumption especially for children at wave II as they started to spend more time away 
from home at kindergarten or school. This could lead to under-reporting for food 
consumed away from home which might affect the accuracy of the results. However, as 
the children were too young to correctly report their own dietary intake it was essential to 
capture their diet intake by relying on caregivers (Woodruff, SJ 2010). Second, there are 
some inherent limitations in any nutritional assessment survey. Self-reported survey data 
have a possibility for recall inaccuracies, imprecise approximation of portion sizes, and 
giving socially desirable responses (Anzman, Stephanie L 2010). To minimize the impact 
of some of these limitations, the participants were asked to look at clay models and 
photographs to be able to judge portion sizes. Third, this study used homogenous sample 
of low income African American families who are the most likely segment of population 
to consume a poor-quality diet (Hart, CN 2010).  Therefore, our findings might not be 
generalizable to other ethnic groups of different socioeconomic status. Additionally, 
several of the associations in this study could be attenuated due to little variance between 
participants diet.  
Despite these limitations, this study has a number of strengths. First, we used data 
from Detroit Center for Research on Oral Health Disparities (DCR-OH); a prospective 
longitudinal study that collected detailed data on sociodemographic, dietary and dental 
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caries outcomes for children and their caregivers. Second, the use of ICDAS caries 
detection system provided important information on caries distribution. It allowed for 
separate severity detection of non-cavitated and cavitated enamel and/or dentin lesions. 
Third, diet quality was based on Food Frequency Questionnaire (FFQ) which allowed for 
the usual diet to be estimated.  Finally, we used a validated and reliable index, Healthy 
Eating Index 2005 to assess diet quality of participants in our study. This comprehensive 
dietary assessment tool offered an opportunity to study the impact of overall diet quality 
as well as specific component of dietary intake on dental caries risk.  
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Conclusion and Public Health Implication 
The findings from the first part of this dissertation allowed us to understand quality of 
diet of disadvantaged African American children and their caregivers and the association 
between them. Our results suggest that interventions aimed at improving diet quality of 
preschool children should also focus on improving the diet quality of their caregivers. 
Children at this young age depend on parents to establish foundation for eating patterns 
for the rest of their lives (Hu, Frank B 2002). Our results have direct implications for the 
development of tailored nutritional educational programs among this population. 
Nutrition education for this population should focus on improving the intake of 
vegetables, milk, the balance between refined/whole grains and saturated/unsaturated fat, 
as well as decreasing daily sodium intake. Additionally, efforts aiming to improving diet 
quality among this disadvantaged population should follow a comprehensive approach by 
taking individual- and environmental-level initiatives aimed at promoting healthy eating 
behaviors while taking in consideration the affordability and the availability of healthy 
foods in their poor neighborhood. 
In the second part of this dissertation we investigated the association between 
child diet quality measured by HEI-2005 and dental caries.  Previous studies examining 
the relationship between diet and dental caries focused primarily on single nutrients or 
food groups. However, people consume foods in combination; therefore, it is hard to 
attribute the effects of a single nutrient or food to specific health outcome (Quirk, Shae E 
2013). Few cross-sectional studies have attempted to explore the association of overall 
diet quality and dental caries (Nunn,M.E. 2009; 37 Zaki, Nadine AA 2015). This 
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dissertation was the first to assess the longitudinal association between the overall diet 
quality and dental caries among preschool children. Our results showed that diet quality 
improvement or maintenance of high quality diet was associated with lower caries risk 
among children of this sample. The results of this dissertation provide important insight 
for public health efforts to emphasize the message that high-quality balanced diet is 
important in order to promote better oral health and reduce caries risk and severity.
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